



KfK 4491 e 
Dezember 1989 
TEGENA: 
__ ______ · Detailed Experimental 
lnvesti{;fations ofTemperature 
and Velocity Distributions in 
Rod Bundle Geometries with 
Turbulent Sodium Flow 
R. Möller 
Institut für Reaktorbauelemente 




Institut für Reaktorbauelemente 
Projekt Schneller Brüter 
KfK 4491e 
TEGENA: Detailed Experimental Investigations of Temperature 
and Velocity Distributions in Rod Bundle Geometries 
with Turbulent Sodium Flow 
R. Möller 
Kernforschungszentrum Karlsruhe GmbH, Karlsruhe 
Als Manuskript vervielfältigt 
Für diesen Bericht behalten wir uns alle Rechte vor 
Kernforschungszentrum Karlsruhe GmbH 
Postfach 3640, 7500 Karlsruhe 1 
ISSN 0303-4003 
TEGENA: Detaillierte experimentelle Untersuchungen der Temperatur- und 
Geschwindigkeitsverteilungen in Stabbündei~Geometrien mit turbulenter 
Natriumströmung 
KURZFASSUNG 
Für die Auslegung von Brennelementen (längsdurchströmte Stabbündel) ist die 
genaue Kenntnis der Geschwindigkeits- und Temperaturverteilungen notwen-
dig. Die zur Feinanalyse von ungleichmäßig gekühlten Bündelzonen erforder-
lichen Detail-Codes befinden sich in der Entwicklung. Zur Verifikation solcher Re-
chenprogramme wurden in einem beheizten, reihenförmigen 4-Stabbündel 
TEGENA (P/D = W/D = 1.147) mit Natriumkühlung (Pr ~ 0.005) mittlere Fluid-
temperaturen und die zugehörigen RMS-Werte der Temperaturfluktuationen 
gemessen. Die Temperaturverteilung in den Strukturen wurde als notwendige 
Randbedingung für die Temperaturprofile im Fluid ermittelt. Die Experimente 
wurden mit unterschiedlicher Beheizung (Gieichlast und Schieflast) durchge-
führt, die Strömungszustände wurden in den Bereichen 4000 < Re< 76000, 
20 < Pe < 400 variiert. 
Die wesentlichen thermischen Einlaufvorgänge erfolgen bei Gleichlast innerhalb 
einer beheizten Bündellänge von rund 100 hydraulischen Durchmessern. ln der 
Hauptmeßebene am Ende der beheizten Zone nach 200 hydraulischen Durch-
messern kann die Strömung als weitgehend thermisch eingelaufen bezeichnet 
werden. Die gemessenen Temperaturprofile im Fluid zeigen hier ausgeprägte 
Maxima in den engsten Spalten der Unterkanäle und ausgeprägte Minima in den 
Unterkanalmitten an der unbeheizten Wand. ln Bereichen mit den größten 
Temperaturgradienten erreichen die Temperaturfluktuationen jeweils Maximal-
werte und Minimalwerte dort, wo die Temperaturgradienten verschwinden. Bei 
allen untersuchten Schieflastfällen ist die Strömung am Ende der beheizten Zone 
thermisch nicht eingelaufen. 
Durch Kontrolle sämtlicher Thermoelemente in regelmäßigen isothermen Ver-
suchen, durch redundante Anordnung der beweglichen Meßsonden-Thermoele-
mente und durch den Nachweis reproduzierbarer Meßergebnisse konnten die 
Experimente gut abgesichert werden. Parallel zu den Temperaturmessungen 
wurden Laufzeitmessungen zur Ermittlung der Geschwindigkeitsverteilungen 
durchgeführt; hierzu ist die Auswertung noch nicht abgeschlossen. 
ABSTRACT 
Precise knowledge of the veloci ty and temperature distributions 
is necessary in fuel element design (rod bundles with longitud-
inal f low) . The detai 1 codes required in the f ine analys is of 
non-uniformly cooled bundle zones are presently at the stage of 
development. In order to verify these computer codes, the mean 
fluid temperatures and the related RMS values of the temperature 
fluctuations were measured in a heated bundle, TEGENA, con-
taining four rods arranged in one row ( P /D = W /D 1 • 1 4 7) wi th 
sodium cooling (Pr ~ 0.005) The temperature distribution in the 
structures was determined as the necessary boundary condition for 
the temperature profiles in the fluid. The experiments were 
carried out wi th different types of heating (uniform load and 
flux tilting) and the flow conditions were varied in the ranges 
4000 ~Re ~ 76,000;20 ~ Pe ~ 400. 
The essential processes of thermal development 
uniform load wi thin a heated bundle length 
took place under 
of about 1 00 hy-
draulic diameters. In the main measuring plane at the end of the 
heated zone, after 200 hydraulic diameters, the flow can be 
termed largeley developed thermally. There, the temperature 
profiles measured in the fluid exhibit pronounced maxima in the 
narrowest gaps of the subchannels as well as pronounced minima in 
the centers of the subchannels at the unheated wall .. In the zones 
of maximum temperature gradients the temperature fluctuations 
attain maximum and minimum values, respectively, at the points of 
disappearance of the temperature gradients. In all cases of flux 
tilting investigated the flow at the end of the heated zone had 
not yet developed thermally. 
By inspection of all thermocouples in isothermal experiments 
performed at regular intervals, by redundant arrangement of the 
mobile probe thermocouples, and by demonstration of the repro-
ducibili ty of resul ts of measurement the experiments have been 
validated satisfactorily. Parallel to the temperature measure-
ments the transit times were measured in order to determine the 
veloci ty distributions; the evaluation has not yet been termin-
ated. 
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1 . INTRODUCTION 
1.1 The Problem 
Knowledge of the precise temperature distributiort in the various 
components (cladding tubes, wrapper tubes, spacers0 is necessary 
in performance of the strength analyses of fuel elements (rod 
bundles wi th longitudinal flow). The thermal-hydraulics calcu-
lation of these rod bundles is normally carried out by the use 
of subchannel analysis. Each subchannel of the bundle is as-
signed mean values of velocity and temperature, and the mass and 
energy exchange between the subchannels is described by global 
exchange coefficients. The limits of this global method of 
calculation become quickly evident if there are major differ-
ences in geometry between the bundle subchannels. Such differ-
ences in geometry occur on the perimeter of the rod bundle and 
they resul t from operation induced deformations of the struc-
tural components; last but not least, spacers give rise to local 
redistributions of flow which bear consequences on the temper-
ature distributions. These problems as well as the special 
conditions of liquid metal cooling were subjects treated in the 
experimental investigations of a heated 19-rod bundle with 
sodium cooling. Essential resul ts have been represented 
in /1, 2, 3, 4/. Also here it has appeared that the complicated 
thermal-hydraulic condi tions prevailing in a rod bundle geo-
metry cannot be described with sufficient accuracy by the sub-
channel analysis. 
Therefore, computer codes have been developed by several insti-
tutions which allow a more detailed calculation to be made of 
the veloci ty and temperature distributions of turbulent flow 
through rod bundles ( fine analysis). Verifications wi th these 
detail codes of the 19-rod bundle experiments mentioned before 
have been described in /5/ and /6/. The first attempts made to 
describe the precise temperature distributions in rod bundles 
partly reveal clear deviations from the experimental resul ts. 
There are different explanations for this: 
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a) The models describe but inadequately the physics of turbulent 
flow in rod bundles. 
b) The coefficients used in the models to describe turbulent rod 
bundle flow are not known. 
c) Only some of the uncertainties prevailing in the experiment 
can be quantified satisfactorily. For instance, the deviations 
from ideal state of the bundle geometry under operating con-
ditions can be estimated only. 
More sophisticated experiments were performed at KfK-INR in order 
to further develop and verify the detail codes. Hydraulic experi-
ments performed on a 4-rod bundle test bed with air flow yielded 
the distribution of the flow veloci ties averaged over time, the 
wall shear stresses, the turbulant shear stresses normal and 
parallel to the walls, and the turbulence intensi ties for dif-
ferent bundle cross-section geometries. The most recent status of 
these comprehensive investigations has been represented in /7/. 
Supplementing these activities, thermal-hydraulic experiments 
were carried out in a similar 4-rod bundle geometry in order to 
study the chracteristic conditions of liquid-metal cooling. Two 
tes t ser ies ( TEGENA and TEGENA 2) * were conducted. Important 
partial results have already been given /8, 9, 10, 11/. The test 
setup, the measuring equipment, preliminary tests and Part One of 
the resul ts measured in the TEGENA 1 test series have been de-
scribed in detail in /12/. The TEGENA experiments were terminated 
in 1987. A summarizing description of the whole project will be 
given in this report. 
*TEGENA _!emperaturen und Geschwindigkeiten in Natriumströmung 
(German acronym for temperatures and velocities in sodium flow). 
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1 .2 Objective of this Work 
The objeetive pursued under the projeet 
feasibility study in 1979 /13/. To support, 
was deseribed in a 
further develop and 
ealibrate thermal-hydraulie detail eodes it was proposed to 
measure loeal temperature distributions in eharaeteristie sub-
ehannels of heated rod bundle eonfigurations wi th liquid metal 
eooling. At the same time, wall temperatures in the struetures as 
well as the azimuthal distribution of heat flow in the eladdings 
of the heater rods were to be measured. In order to separate from 
eaeh other the variables influeneing the temperature distribution 
and to ereate elearly defined experimental boundary eondi tions 
the projeet was to be divided into several stages: 
I. Symmetrie rod eonfiguration without spaeers, hydraulieally 
and thermally developed flow. 
II. Asymmetrie heating wi th a view to generating strong tem-
perature gradients between the subehannels. 
III. Asymmetrie rod eonfiguration. 
IV. Experiments involving spaeers and bloekages. 
Work on i tems I and II has been eompleted; they are the topies 
treated here. Items III and IV were postponed for laek of time. 
1 .3 Possible Salutions 
Unlike in the eentral bundle zone, eonsiderable variations in 
temperature oeeur in the bundle boundary zone on the perimeter of 
the fuel rod eladding tubes whieh diminish the time to failure 
and henee the lifetime of these important eomponents. Therefore, 
the experlmental investigations were made in typieal subehannels 
of the bundle boundary zone (wall ehannels, eorner ehannels). 
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Wall and corner channels with four rods arranged in one row were 
simulated in preparation of extensive isothermal, fluid dynamics 
exper iements I 1 4, 1 5 I. By analogy wi th these hydraulic experi-
ments and supplementing them, also a 4-rod configuration in one 
row was selected for the thermal experiments to be described 
here. A pitch to diameter ratio of the rod, PID ~ 1 .15, was fixed 
as the cross-sectional geometry for an advanced reactor concept. 
Sodium was chosen as the liquid-metal coolant because a suitable 
test bench and practical experience had been available. 
The absolute dimensions of the bundle cross-section were deter-
mined by the capability of fabricating with sufficient measure-
ment acuracy the largest possible heater rods and the smallest 
possible measuring probes. At the time, a heater rod diameter of 
25 mm and a minimum possible probe size of 2 mm seemed to be 
feasible. Both the excessively large heater rods and miniature 
measuring probes with related adjusting devices for operation in 
hot sodium had to be developed, built and tested. 
- 5 -
2. TEST PROGRAM 
The test programm consisted of three parts. 
In a number of preliminary tests the following items were worked 
out 
Measurement of the flow distribution in the inlet section pre-
ceding the bundle. 
Heater rod testing in stagnant air and in flowing sodium. 
Testing the probe adjusting devices in the measuring chamber 
with sodium flow. 
· Measurement of sodium veloci ties in the reetangular channel 
without heater rods. 
The TEGENA 1 test series (1985) included: 
Isothermal tests (measuring sensor check and calibration). 
Measurement of the wall temperatures (3D). 
Measurement of the fluid temperatures (2D) for mean and large 
Re-numbers. 
· Tests under uniform load and in two cases of flux tilting. 
Measurement of the temperature fluctuations (in some tests). 
The TEGENA 2 test series (1987) included: 
Isothermal tests (measuring sensor check and calibration). 
· Measurement of the wall temperatures (3D) 
Measurement of the fluid temperatures ( 2D) from small up to 
great Re-numbers. 
Tests under uniform load and in four cases of flux tilting. 
Measurement of the temperature fluctuations. 
Measurement of transi t times to determine the flow veloci t-
ies.* 
*These measurements will be reported elsewhere /16/. 
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3. TEST SECTION 
Only the principle of the test section will be 
to the extent which is necessary to understand 
measurement. A more detailed description of the 
with the various components as well as notes on 
liminary test~ will be given in the Annex. 
3.1 Geometry 
described here, 
the resul ts of 
test equipment 
the major pre-
The test section has been represented schematically in Fig. 1. 
It consists of four heater rods suspended vertically in a reet-
angular channel wi th a cylindric measuring chamber at the top 
end. 
The heater rods are 25 mm in diameter and about 4 m in length, 
2. 5 m of them heated. In the reetangular channel of about 6 m 
length and 118.5 x 32.4 mm inner width the heater rods are fixed 
on the perimeter at axial spacings of 550 mm wi th four small 
pins each in such a manner that their spacings with respect to 
the channel walland with respect to each other are 3.7 mm. The 
geometry parameters of the 4-rod bundle consequently are 
P ID = W ID = 1 . 1 4 7. This geometry corresponds to the mean of 
three diffe.rent bundle geometries on which Rehme I 7 I had made 
hydraulic measurements. The sodium flows from an inlet section 
(see Annex A1 .2) in the open reetangular channel into the 4-rod 
bundle. It first passes an unheated bundle zone of 1288 mm 
length, is i:hen heated by 100 K at the maximum in the heated 
zone and leaves the cylindrical mesuring chamber through a 
nozzle provided on its side. The unheated bundle length of 
1288 mm corresponds to 105 hydraulic diameters DH, i .e. the 
mean hydraulic diameter DH 4·FIU, with F being the free flow 
crosssection in the bundle and U the entire fluid wetted peri-
meter in the flow cross-section. The maximum heat flux densities 
generated on the rod surfaces were 60 Wlcm2 • The selected heated 
length of 2456 mm ( 201 hydraulic diameters DH) up to the main 
plane of measurement ME6 was considered sufficient to obtain a 
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thermally developed flow provided that the rod bundle was uni-
formly heated /13/. In ordertobe able to examine this require-
ment, the reetangular channel was equipped on its perimeter with 
24 thermocouples each at five axially displaced measuring planes 
(ME1 through ME5). In the measuring plane MEO the uniformity of 
the temperature of sodium supply into the unheated bundle zone 
was checked wi th six thermocouples distributed along the peri-
meter. In the TEGENA 1-experiments the measuring planes were 
termed ME, in the TEGENA 2-experiments they were termed MP. The 
axial posi tions of the measuring planes were the same in both 
test series, while on account of different heater rods used, 
slight differences can been detected between the two test series 
as regards the cross-sectional geometries. 
The temperature in the sodium flowing through the bundle sub-
channels is measured more carefully in the horizontal main plane 
of measurement ME6 ( TEGENA 1 ) , 2 9 mm ahead of the end of the 
reetangular channel, still in the heated bundle zone. In the 
TEGENA 2 experiments the corresponding value in the main plane 
of measurement (MP6) is 31.5 mm. Two cross slides have been in-
stalled in the cylindric measuring chamber in parallel with the 
long sides of the reetangular channel. A 70 mm long measuring 
probe has been fixed to the externally adjustable measuring 
slides in such a manner that it can be moved in X and Y direc-
tion within the bundle subchannels. The maximum path lengths of 
the probe tips are 75 mm in X direction and 25 mmm in Y direc-
tion. The thermocouple TEN measures the sodium inlet temperature 
in the reetangular channel ahead of the unheated bundle zone. 
The thermocouple TAS measures the sodium outlet temperature in 
the nozzle provided on the side of the measuring chamber. 
The major technical data of the test section have been summar-




3.2.1 Temperature Measuring Probes 
The temperature measuring probes ( Figs. 3 and 4) are eapillary 
tubes bent to form reetangles 1 2 mm diameter at the maximum 1 
whose horizontal part is elamped into the measurement slides by a 
reinforeing sleeve. The vertieal part of the probes is 70 mm in 
length and protrudes about 30 mm into the subehannels of the 
reetangular ehannels opposed to the direetion of flow. From the 
free ends of the vertieal probe shafts four or five miniature 
thermoeouples protrude. In the main measurement eross seetions 
(ME6 and MP6 1 repseetively) four thermoeouples are arranged 
quadratieally in X/Y-direetion in all eases wi th a eenterline 
distanee of about 2 mm. The axes of this eoordinate system used 
to represent the results are formed by the inner eontours of the 
long wall ( X-axis) and the short wall ( Y-axis) of the reetan-
gular ehannel ( F igs. 3b and 4b) . Four thermoeouples were used 
beeause 
the measurements were to be made as elosely as possible to the 
heated walls; 
loeal temperature gradients between two thermoeouples eaeh were 
to be reeorded with high aeeuraey; 
the measurements were to be redundant. 
The maximum displaeement paths of the probes are 75 mm in X-dir-
eetion and 25 mm in Y-direetion. 
In the probe S 1 ( TEGENA 1 ) the four thermoeouples are routed in 
the probe shaft (1 .6 x 0.1 mm) and soldered to the probe shaft in 
a bored plug; Fig. 3. The diameter of the thermoeouples is 
0.24 mm and the eenterline distanee 1.96 mm. The measurement tips 
are insulated eleetrieally wi th eompaeted boron ni tride powder. 
The thermoeouples are designated TE11 1 TE12 1 TE13 and TE14. 
The probe S2 (TEGENA 1) is similar to probe S1 in design. How-
ever 1 the diameter of the thermoeouple in this ease is 0. 38 mm 
and the eenterline distanee is 1.83 mm. The measurement tips are 
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likewise insulated electrically with 
through compacted boron ni tride powder. 
designated TE21 1 TE22 1 TE23 and TE24. 
respect to the sheath 
The thermocouples are 
In the probe P 1 
the probe shaft 
in a bored plug. 
(TEGENA 2) all five thermocouples are routed in 
( .1 . 8 x 0.1 2mm) and solderedd to the probe shaft 
All diameters are 0. 36 mm and the measurement 
tips are insulated electrically with compacted boron nitride 
powder. The centerline distance of the four guadratically ar-
ranged thermocouples (TC11 1 TC12 1 TC13 1 TC14) is 2.05 mm. The 
central thermocouple TC15 di.splaced axially by 8.1 mm in the 
direction of flow 1 combined wi th one of the four guadratically 
arianged thermocouples 1 serves for transit time measurement.s. The 
transi t times are determined using the cross-correlation ana-
lysis. The ratio of the axial distance of the thermocouples to 
the transi t time determined at each location gives then the 
velocity at this location; see 1161. 
In the probe P2 ( TEGENA 2) an additional miniature permanent 
magnet ( 1 .65 mm diameter 1 1 .5 mm length) is installed at the end 
of the probe shaft ( 2. 0 x 0. 2 mm); Fig. 4. The central thermo-
couple TC25 extending into the sodium flow is insulated elec-
trically wi th boron ni tride powder; i ts diameter is only 
0. 24 mm; i t is routed centrically through the magnet and welded 
at the end of the shaft in a plug. The sodium flow induce.s a 
vol tage in the magnet which is a direct measure of the flow 
velocity. However 1 if the magnet is placed in a field with 
temper.ature gradients 1 the additional superimposed vol tage must 
be compensated. This is achieved in metrology by means of two 
additional thermocouples installed near the magnet poles. The 
principle of this newly developed temperature compensated magnet 
probe as well as resul ts of measurement obtained wi th i t have 
been des er ibed in I 1 7 I. The two magnet thermocouples and the 
central thermocouple TC25 of probe P2 are routed within the probe 
shaft. For design reasons the four guadratically arranged thermo-
couples (TC21 1 TC22 1 TC23 1 TC24) had thus to be fixed to the 
external side of the probe shaft using bandages. These thermo-
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couples a~e 0.37 mm in diameter with 2.65 mm centerline spacing. 
Their measurement tips are welded with the thermocouple sheath. 
The axial distance of these thermocouples from the central 
thermocouple TC25 is 8.0 mm. The velocities determined by transit 
time measurements between the axially displaced thermocouples 
(similar to probe P1) were tobe supplemented by the velocities 
determined wi th the permanent magnet and compared wi th them. 
However, the magnet did not work in the experiment so that it was 
not possible to make this comparison. 
Views of the temperature measuring probes installed are presented 
in Fig. 5 
3.2.2 Velocity Measuring Probes 
The measuring chamber wi th the two measuring probe adjusting 
devices was tested in the WÜP II sodium test bench without heater 
rods under real operating condi tions at sodium temperatures up 
to 500°C /18/. Instead of the temperature measuring probes used 
in the subsequent main test two veloci ty measuring probes were 
used in this preliminary test. The principle according to which 
similar probes work has been described in /19/ and corresponds to 
the velocity measurement with probe P2 (Fig. 4). 
Two probes, GS1 and GS2, 71 mm in axial length and 2.0 mm outer 
diameter, were fabricated (Fig. 6). The permanent magnets, 1.5 mm 
diameter and 1 mm length, installed in the probe tip give rise to 
minimum induction voltages proportional to the flow velocity in 
liquid metal flow. The sensitivity of the probe signal was about 
12 ~Vm- 1 s in these miniature magnets. 
3.2.3 Wall Thermocouples 
The reetangular flow channel was equipped with 126 thermocouples 
in total in order to be able to evaluate the condi tions of 
thermal flow development in the heated bundle zone. In five 
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axially displaced measuring planes (ME1 through ME5 for TEGENA 1 1 
MP1 through MP5 for TEGENA 2) 24 wall thermocouples each have 
been installed on the perimeter of the reetangular channel: The 
measuring planes MEO and MPO 1 respectively 1 in the unheated 
bundle zone are provided wi th six wall thermocouples ( Fig. 7; 
Fig. 1 ). The 1 mm thick thermocoupleB have their end tapered to 
0.5 mm diameter over a length of 15 mm. The measuring tip is 
insulated wi th magnesium oxide. The tapered thermocouple tips 
are embedded in the external channel wall in inclined grooves 
(0.5 mm width; 0.7 mm depth) (Fig. 7). The measuring points are 
located 100 mm upstream of the spacers (centers of the channel 
flanges) and on the the channel perimeter at the narrowest gaps 
between the heater rods and the channel wall or between the 
narrowest gaps. 
3.2.4 Reference Thermometers 
Two platinum resistance thermometers (type Pt 100) have their 
measuring tips arranged in the main planes of measurement ( ME6 
and MP6 1 respectively) at the following X/Y positions: 
Local Coordinates X [mm] Y[mm] 
Resistance thermometer PT3: 5 29 
Resistance thermometer PT2: 1 1 3 3 
The helical measuring resistance of 20 mm length is installed in 
a protective tube of 2 mm outer diameter running over 35 mm 
length parallel to the rod axis and is then guided to the out-
side normal to the rod axis above the bottarn of the measuring 
chamber. 
Consequently, the effective mean temperature of these reference 
thermometers is measured in a cross-sectional plane öf the 
bundle which lies about 10 mm downstream of the measuring 
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plane ME6 ( MP6) The accuracy of calibration of the reference 
thermometers up to temperatures of sooac is + 0.2 K according to 
information received from the manufacturer. 
Signal deviations of the thermocouples as a function of the 
temperature level and time were recorded wi th the reference 
thermometers. 
3.2.5 Inlet Temperature (Fluid/Wall) 
In the TEGENA 1 test series the sodium inlet temperature (TEN) 
of the reetangular channel preceding the unheated zone of the 
4-rod bundle was measured with a thermocouple (NiCr-Ni, external 
diameter 1 .5 mm). The temperature of the reetangular channel in 
the unheated bundle zone was measured wi th six wall thermo-
couples installed in the measuring plane MEO. This measuring 
plane lies 365 mm upstream of the heated zone. The wall thermo-
couples were embedded in grooves on the perimeter of the reetan-
gular channel as described in Section 3.2.3 and represented in 
Fig. 7. 
In the TEGENA 2 test series the mean value of signals from the 
six wall thermocouples measured in the measuring plane MPO was 
defined as being the sodium temperature at the bundle in-
let (TBI). 
3.2.6 Temperature Reference Point 
A copper plate (60 x 40 cm, 2.5 cm thick) standing upright 
beside the test section and whose temperature can undergo vari-
ations with the room temperature serves as a temperature refer-
ence point for all thermocouples of the test section. The copper 
plate is surrounded by a thermally insulating housing in order 
to ensure uniform distribution of the temperature on the plate. 
The copper plate is made as a plug board wi th 225 connections 
where besides the thermocouple plugs all the other measuring 
lines can be plugged in. In order to determine the mean plate 
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temperature used as the reference temperature the temperature 
mean value of five thermocouples distributed over the copper 
plate is determined whose reference temperature oo is furnished 
by a Peltier cell. 
3.2.7 Power of the Heater Rods 
The heater rods are heated with direct current from a mercury-
arc rectifier (I = 10 1 000 A 1 V = 100 V). The positive pole max max 
is made of the ends of the current conductor connections of the 
heater rods above the measuring chamber 1 whereas the negative 
pole is connected to the upper bottarn of the inlet tank in-
stalled in the section of flow development through silver coated 
copper plates (cf. Fig. A2 in the Annex). 
The currents of the four rods were measured as valtage drops at 
four measuring resistances. The shunts had been calibrated 
before wi th a precision shunt ( category 0 1 1). The deviations 
found during this process were taken into account in the evalu-
ation by application of correction factors. The vol tage U was 
picked up between the possi tive pole and the negative pole in 
the test section and transmitted to the plug board via a 
valtage divider (100:1). The measured valtage drop in the 
reetangular channel from the negative pole up to 
of the heated zone was 0.2% of the total voltage; 
wise taken into account in the evaluation. 
3.2.8 Volume Flow Rate 
the beginning 
it was like-
The sodium flow rate in the bundle was measured as an induced 
vol tage [ mV] wi th a calibrated induction flowmeter ( MSAR Mag-
netic F lowmeter). The li ttle temperature dependence was taken 
into account. The accuracy of measurement as indicated by the 
manufacturer is ± 2%. The sodium densi ty related to the sodium 
inlet temperature was used to calculate the mass flows MS 
(TEGENA 1) and MFR (TEGENA 2) 1 respectively. 
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3.2.9 Data Acquisition System 
The temperature signals 1 the RMS-values 1 the X/Y Coordinates of 
the mobile measuring probes 1 rod currents and rod voltage as well 
as the volume flow rate were measured wi th an ACUREX data ac-
quisition system (Autodata ten/10). The ACUREX equipment is 
composed of a scanner with amplifier 1 a voltmeter with analog to 
digital converter 1 and a processor uni t. The resolution error 
is +1 ]..LV (+0 .025K) for high resolution ( 10 measured values per 
second). Except for the X/Y Coordinates and the reference thermo-
meter signals 1 all measured values were recorded as original data 
and converted into physical data in the later evalutation only. 
The temperature signal T ( t) of a thermocouple can be spli t up 
into two portians 1 namely the time averaged mean value of the 
temperature T and the fluctuation signal 6 ( t) which is always 
superimposed to the mean temperature: 
T(t) = T +6 (t) 
In a number of cases it will be sufficient to record and analyze 
the mean value of temperature and the RMS-value characterizing 
the temperature fluctuations instead of the development versus 
time of the temperature signal. 
The mean value of temperatures and the RMS value of the temper-




T = -'1 "j~ l(t) dt 
-2 tn -t11 
7?NS ::='~/ ·~ , f +-t~-t dt(-t) dt 
V .2il1 -tft 
where 2 tM is the time of averaging needed to calculate wi th 
appropria·:e accuracy the two temperature values. Twenty seconds 
of averaging time were sufficient to achieve an accuracy of the 
RMS-values better than 2%. 
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The RMS-values of the probe signals had been calculated and 
recorded already in the experiments. In conformity with the 
approach des er ibed in I 9 I, e ach of the eigh t ( ten) temperature 
signals from probes S1 and S2 ( from probes P1 and P2) is amp-
lified. Then the mean value is automatically suppressed and, 
finally, the resul ting fluctuation signal is amplified a second 
time. In an RMS measuring equipment an RMS value is calculated 
from the fluctuation signal and transmitted to the ACUREX unit. 
The XIY coordinates of the adjustable probes are picked up as 
voltages of 0 to 5 V at the potentiometers and converted with the 
ACUREX processor unit into millimeters using linear equations and 
are subsequently recorded. The equations are determined on the 
basis of eight measuring points each ( measuring vol tage at the 
ACUREX unit expressed in volt as a function of the probe position 
expressed in millimeter) according to the least squares method. 
The reference resistance thermometers are connected to the ACUREX 
system via a four wire circuit. The changes of the measuring 
resistance caused by changes in temperature are measured as 
valtage changes, converted into oc and stored. 
Some important data for test operation were calculated directly 
from the measured values during the experiments using the ACUREX 
system and after preselection displayed on a screen. Besides, all 
measured data from the TEGENA 1 test series were recorded on 
floppy disks by a floppy disk station connected wi th the ACUREX 
system. In the TEGENA 2 test series the measured data were not 
recorded on floppy disks but directly on the hard disk of a 
personal computer (IBM-PC AT). 
3.2.10 Safety System 
An electronic safety system served to minimize consequential 
darnage of heater rod defects or heater rod failure. With this 
protecti ve system the currents of the heater rods are recorded 
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in a continuous mode. If intolerable current peaks occur within 
limits that can be set (maximum and minimum) power disconnection 
is released within about 12 ms. 
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4. VELOCITY MEASUREMENTS IN THE RECTANGULAR CHANNEL 
4.1 Distribution of Flow in the Flow Development Section 
The actual bundle test section is preceded by a flow development 
section where def~ned flow conditions at the test section inlet 
are generated. The flow development section established for the 
WÜP II sodium loop was installed with a reproduced feed line into 
a water loop (cf. Annex A'l .2 and Fig. A2). A plexiglass measuring 
chamber wi th an adjustable Pi tot probe has been provided at the 
upper end of the reetangular flow development channel in order to 
measure Velocity profiles. The 0,6 mm diameter probe can be 
adjusted on longitudinal traverses in X-direction and on lateral 
traverses in Y-direction of the flow cross-section 1 the error 
being +0. 1 mm. The measuring range is 0 :s_ X mm ~ 118.5; 6 ~ Y [mm]~26. 
The Velocityprofiles in the measuring plane (ME) were first 
measured in the open channel. Moreover 1 the attempt was made to 
generate box shaped veloci ty profiles by installing perforated 
plates and sieves 1 respectively 1 in order to shorten the dis-
tance over which the subchannel mass flow in the bundle can be 
equalized. 
The veloci ty distributions at RE = 58000 measured in the open 
reetangular flow development channel ( 1600 mm flow development 
length, which corresponds to roughly 31 hydraulic diameters DC) 
are symmetric wi th respect to the central axes of the channel 
cross-section (Figs. 8 and 9). The maximum velocities are by 20% 
higher than the mean channel velocity UC. The maximum variations 
of the local velocities (± 2%) occur on the line of maximum 
velocities. Thus, the conditions of inlet flow into the four rod 
bundle can be termed good. 
It was not possible to flatten the veloci ty profile markedly 
towards a piston profile by installing different inserts in the 
reetangular flow development channel (perforated plates and 
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sieves 1 respectively). Moreover 1 i t appeared that all veloci ty 
profiles measured with the inserts provided were less symmetric 
and less uniform than those measured in the open channel. Con-
sequently1 the conditions of bundle face flow were not improved 
by the inserts examined /20/. Therefore 1 the open flow devel-
opment channel was used in the TEGENA experiments. 
4.2 Sodium Velocities in the Reetangular Channel 
Reproducible veloci ty profiles of sodium flow were measured at 
different temperature levels in order to test the measuring probe 
adjusting devices /21/. For this purpose 1 velocity measuring 
probes (cf. Section 3.2.2) instead of the temperature probes were 
clamped into the cross slides. The measurement fields of the two 
velocity probes GS1 and GS2 in the main plane of measurement ME6 
have been represented in Fig. 10. 
Velocity profiles in the measuring plane ME6 were measured on 
longitudinal and transversal traverses within the following range 
of parameters: 
115 1000 <RE 
0.85 ~ U[m/s] 




Some examples are shown in the following diagrams: 
Figure 11 shows the U-profiles measured on serveral days on mean 
X-traverses (Y = 16.35 mm). The U-profiles of the probes GS1 
( o and + symbols) and GS2 ~ and x symbols) coincide and taken 
tagether they show a symmetric course over the channel width 
which demonstrates the reproducibility of the measurements. The 
maximum veloci ty Variations of the probe GS 1 not moved in the 
second series of measurements (X = 38.50 mm; Y = 16.35 mm) are 
indicated by the triangular symbols 1 the range of variations 
being ± 2%. The maximum velocities are 1 .25·UC 1 the minimum 
veloci ties near the wall ( distance to the wall X = 1 . 5 mm) are 
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0.77·UC. 
Besides the U profiles on the mean longitudinal traverse also the 
U profiles have been represented on two lateral X traverses each 
with distances from the wall of 13 and 26%, respectively, of the 
channel depth in Fig. 1 2. The measured veloci ty distribution 
validates the symmetric flow conditions in the reetangular 
channel, also in the near-wall zones of the long channel walls. 
The velocity profiles on the transversal traverses (Y traverses) 
have been represented in Fig. 13. Close to the short channel 
walls (distance from the wall X = 3.53 mm) the width of vari-
ations of the U profiles in Y direction is about ± 5%. 
Summarizing it can be stated that the permanent magnet miniature 
probes installed in isothermal sodium flow up to temperatures 
of 410oc furnish velocity profiles of a good quality. The poten-
tial of the measuring accuracy of these measuring probes is 
comparable with that of conventional Pitot probes. 
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5. TEST PROCEDURE AND PROCESSING OF MEASURED VALUES 
The procedure of the main tests and the presentation of measured 
results break down into three groups: 
a) isothermal tests 
(inspection and calibration of the thermocouples); 
b) wall temperatures (3D) of the reetangular channel 
(parameters: Reynolds (P~clet) numbers, heat flux density, 
uniform load, four cases of flux tilting); 
c) sodium temperatures and temperature fluctuations ( 2D) in the 
subchannels 
(parameters: Reynolds (Peclet) numbers, heat flux density, 
uniform load, four cases of flux tilting). 
The envisaged test program of the TEGENA 1 test series was 
restricted by defects at the heater rods H2 and H3 which ocurred 
after nine days of testing. The external rod geometry did not 
undergo changes so that it was possible to continue the tests 
while heating the rods H1 and H4 (flux tilting tests) The 
planned test program of the TEGENA 2 test series was performed in 
full scope as planned. 
All measured variables of the TEGENA 1 test series and process-
ing of the variables have been described in detail in I 12/. In 
this report some essential i tems will be discussed in order to 
help understand the measured results. In the experiment all 
points of measurement approached by the mobile probes were set in 
probe specific local coordinate systems. The local Coordinates of 
all probe thermocouples were converted uniformly into an X/Y main 
coordinate system ( Figs. 3 and 4) which means that for a given 
location of measurement the position of each thermocouple of the 
probe in the coordinates of the X,Y coordinate system is indic-
ated. 
The thermocouple positions are denoted in the diagrams and tables 
by three symbols each, e.g. X23 where "X" means the coordinate, 
"2" the probe 2, and "3" the thermocouple number 3 of the probe 2 
( TE23) . 
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The BASIC computer codes TEGEK1 .BAS and TGP1 .BAS were used to 
process the values measured in the TEGENA test series /21 I. 
TEGEK1 .BAS is used to convert the measured data into physical 
data and to calculate reference numbers. The TGP1 .BAS code is 
used to sort the calculated values and to tabulate and plot the 
resul ts. The reference temperature used to calculate the di-
mensionless reference numbers (Re,Pr) was a mean bundle temper-
ature TNM. TNM is the ari thmetic mean of the measured inlet 
temperature TEN and the mean sodium temperature TNO calculated 
in the measuring plane ME6. 
The FORTRAN computer codes THEO.FOR, DISDRU.FOR, PLOTHP.FOR, 
FINT.FOR and FINTEX.FOR were used in measured values processing 
related to the TEGENA 2 tests series /22/. THEO.FOR was used to 
convert the measured data into physical data and to calculate 
reference numbers. The DISDRU .FOR code was used to sort and 
tabulate the calculated values. The PLOTHP. FOR, FINT. FOR and 
FINTEX .FOR codes were used to sort and plot the calculated 
values. Also the mean bundle temperature TBP = O.S(TBO+TBI) was 
used as the reference temperatures for calculating the dimen-
sionless reference numbers (Re, Pr). 
The signals of all 1 26 wall thermocouples were moni tored in 
periodical isothermal tests; however, no correction was made of 
the measured values because the very small relative deviations 
of measured values were considered insignificant with respect to 
the evidencing power of the results. 
The signals of all probe thermocouples were controlled by re-
ferring to the isothermal tests and corrected using the refer-
ence thermocouples (Table 2) 
The RMS values of the temperature fluctuations calculated during 
data acquisitions were not corrected. 
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6. TEST RESULTS 
6.1 Generalities 
The major results of the two test series 1 TEGENA 1 and TEGENA 2 1 
are respresented graphically in this report while the measured 
values tagether with the test parameters have been tabulated in 
the Annex. All test results (graphical and tabulated representa-
tions) will be contained in more detailed data reports. Part 1 of 
the TEGENA 1 test series has been documented in /12/. 
6.2 Isothermal Tests 
The · isothermal tests are the basic tests for all experiments 
involving heated rods. They serve to control the measuring probes 
and describe possible deviations from the ideal isothermal 
conditions. In both test series isothermal test were performed at 
regular intervals over the entire period of testing. For this 
purpose 1 the test section was heated to the desired temperature 
level wi th the trace heating of the loop system and wi th a 
controllable 120 kW heater. The measurements were made at four 
temperature levels ( 250 1 300 1 350 and 400°C) and in the TEGENA 2 
test series also at four sodium flow veloci ties ( 0. 5 1 1 1 2 and 
4 m/ s) • 
The uniformity of the temperature signals recorded depends mainly 
on: 
the quality of the isothermal conditions prevailing in the test 
section 1 both in terms of space and time; 
· the quality of the measuring sensors; 
the accuracy of the data acquisition system. 
6.2.1 Isothermal Tests - Wall Temperatures 
The wall temperatures measured in the isothermal test I01T250 of 
the TEGENA 1 test series at - 300°C have been pl?tted in Fig. 14 
over the channel perimeter CP. The 126 temperature values scat-
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ter by ± 0. 3K a t the max imum 1 wi th two exceptions in t he meas-
uring planes ME1 and ME5. The mean value MIT occurs 1.05 K above 
the reference temperature TRF 0.5 (PT3 + PT2). The accuracy of 
calibration of the resistance thermometers PT3 and PT2 up to 
50ooc is ±o .2K according to information received from the sup-
plier. 
The wavy distribution of the temperatures on the perimeter of the 
reetangular channel is due to the differences in thermal insula-
tion of the short and long channel walls. The thicker air layer 
in the center of the long channel walls gives rise to higher 
temperatures. The width of Variation of temperatures on the 
channel perimeter due to the slight differences in thermal insu-
lation is about ±0.3K in this example. 
In Fig. 1 5 the temperatures of the tests I07T250 and I52T250 1 
measured at different points in time 1 have been represented in 
addition to temperatures measured in the test I01T250 described 
before at N 300°C; the Reynolds numbers are higher by 44% and 
24% 1 respectively. The observed mutual changes of temperatures 
are < 0.1 K on the average. The deviations of the mean values 
MIT 1 calculated from 126 measured values each 1 wi th respect to 
the corresponding reference temperatures TRF are - ordered by the 
sequence of measurements 1 .1K;0.8K 1 0.4K. 
The wall temperatures measured in the TEGENA 2 test series at 
three different temperature levels (300 1 350 and 400°C) and at 
constant mean flow velocity UB = 0.5 m/s have been represented in 
Fig. 16. The measurements reveal li ttle differences in temper-
ature on the channel perimeter of about K which slightly 
increase with increasing temperature level. 
The wall temperatures in the five measuring planes 1 recorded at 
about 300°C and at four different flow velocities (0.5 1 1 1 2 and 
4 m/s), have been represented in Fig. 17 on a temperature scale 
enlarged by a factor of 20. The difference in the absolute 
tempera tures at the different veloci ties is due to the acci-
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dental, steady-state isothermal conditions in the test section. 
The measuretnents show that the differences in temperature in 
five planes of measurement amount to 0.5 K. On the perimeter of 
the reetangular channel the temperatures undergo Variations, 
which are dependent on the flow velocity of sodium, namely 
between 0.7 and 1~3 K. The maximum temperatures were measured in 
all zero tests in the center of the long sides of the rectangu-. 
lar channel (Band D). The reason is the annular insulation of 
the reetangular channel, with differences in the thicknesses of 
the air layers enclosed, so that a uniform slight disturbance of 
the temperature field is produced in the cross-section of the 
reetangular channel. The disturbance of the isothermal temper-
ature f ield in t.he cross-section of the reetangular channel 
depends on the temperature level and on the flow veloci ty. At 
300 ac the maximum temperature variations on the channel peri-
meter are 1.3K for UB = 0.5 m/s and 0.7K for UB = 4 m/s; at 
400ac the corresponding values are 1~6 and 1 .OK. 
When the measurements of 120 
maximum deviations of 0 .25K 
level of 400ac and the mean 
wall temperatures were repeated 
were obtained at the temperature 
flow velocity UB = 0.5 m/s. The 
deviations between two successive measured values were always 
less than 0.1K. This implies that the relative error of measure-
ment of the data acquisition system is less than 0.1K. 
During the test series 2 two failures were observed of 126 wall 
thermocouples after several days. These failures had no prac-
tical impact on the test resu1 ts because i t was possible to 
replace the two erroneous wall temperatures by averaging the 
signals received from the respective sensors at neighboring 
measuring planes. 
Summarizing it can be stated: 
With identical thermal insulation in axial direction the 
scatter band of the wall thermocouples is about 0.5K. 
On account of slight differences in the thermal insulation on 
the perimeter of the reetangular channel, temperature vari-
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ations of the wall thermocouples between 0. 7 and 1 . 3K were 
obtained dependent on the sodium flow velocity. 
When the rods are heated the slight differences in the thermal 
insulation on the perimeter of the reetangular channel get 
effective in the. same manner as at zero power. Therefore, no 
correction has been made of the wall temperatures. 
6.2.2 Isothermal Tests - Fluid Temperatures 
In Fig. 18 the deviations averaged over the three isothermal 
tests have been plotted as a function of the reference temper-
ature for the eight probe thermocouples. There is a clear de-
pendence on temperature with a linear characteristic. The 
straight lines drawn through the four points were determined by 
the least squares method. When evaluating the fluid temperatures 
measured wi th the probe thermocouples a correction was made 
using the equations valid for the straight lines; the error is 
smaller than 0.1K. 
Within the range of temperatures investigated the thermocouples 
of probes S1 and S2 (TEGENA 1 test series) exhibit mainly neg 
ative deviations. DTR from the reference temperature TRF. These 
are miniature thermocouples with boron nitride insulation at the 
measurement tip. The deviations of the 0. 24 mm thick thermo-
couples of probe S 1 from the reference temperature are about 
twice that of the 0. 38 mm thick thermocouples of probe S2 at 
temperatures >350°C. 
The maximum absolute deviation DTR of thermocouple TE14 of 
probe S1 at 400°C is 3.7K and 1 .9K, for the thermocouple TE24 of 
probe S2. The maximumrelative deviation of the thermocouples of 
probe S1 is 0.7K and 1 .2K for probe S2 at 400°C. 
The TEGENA 1 experiments were performed in the temperature range 
of 260 to 380°C. In that range the maximum deviation between two 
probe thermocouples is about K (TE21 and TE 24). If the cor-
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rection described above were not made for these thermocouples, 
thermocouples an error of 
TE21 and TE24 
-50% would be produced between 
(centerline spacing about 2 mm) 
the 
for the measured 
mean temperature gradients of e .g. 1 K/mm. · This error can be 
reduced to 5 to 10~ by correction of the measured values. 
The measured deviations of the inlet thermocouple TEN and outlet 
thermocouple TAS from the reference temperature have likewise 
been entered in Fig. 18. The inlet thermocouple rrEN has i ts 
measurement tip tapered from 3 mm to 1 .5 mm and it is insulated 
from the sheath wi th magnesia. It shows a clear dependence on 
temperature wi th a linear characteristic; in the, temperature 
range investigated the deviations are possitive and increase 
with rising temperature. The outlet thermocouple TAS is 3 mm in 
diameter and provided with an MgO insulated measurement tip. The 
measured deviations in the temperature range investigated are 
roughly 2.5K above the reference temperature and exhibit a 
linear course with a slight tendency to decrease. The measured 
deviations of the 126 wall thermocouples are described by the 
shaded area in Fig. 18. The temperature dependence is little. 
The deviations on an average are plus 0.8K, the scatter band is 
±0.4K. 
For the thermocouples of probes P1 and P2 (TEGENA 2 test series) 
the isothermal measurements yielded less temperature dependence 
compared wi th the probes S 1 and S2. The maximum deviation be-
tween the five thermocouples of the probe P1 occurred at 400oc 
and amounted to 1.2K. The maximum deviation between the five 
thermocouples of probe P2 was 4K at 400°C; however, between the 
thermocouples in a square arrangement the maximum deviation was 
not more than 0. 6K. The central thermocouple TC25 has clearly 
smaller dimensions and a measurement joint of a different design 
which prcvides the explanation for the deviating characteristic. 
S imilar to the thermocouples of the probes S 1 and S 2, a cor-
rection of the measured values was also made for the thermo-
couples of the probes P1 and P2 using equations valid for 
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straight lines. For all probe thermocouples and for the thermo-
couples TEN and TAS the equations applicable to straight lines 
and used in the evaluation have been compiled in Table 4. 
During the TEGENA 1 test period no changes were observed at the 
thermocouples of the probes S1 and S2 as a result of the iso-
thermal tests. During the TEGENA 2 test period, however, the 
following effects were detected inter alia in the isothermal 
tests: 
The thermocouple TC12 of the probe P1 became defective at the 
end of four weeks. 
The thermocouple TC21 of the probe P 2 did not always work 
reliably. 
Summarizing it can be stated: 
· The characteristic of the deviations of the measured values of 
the probe thermocouples from the platinum resistance thermo-
meters used as reference elements is a linear one and slightly 
dependent on the temperature within the range of temperatures 
investigated (250 to 400 °C). 
· The changes of the thermocouple characteristics during each 
test period were negligibly small, with two exceptions. 
· When all probe temperatures averaged over time were evaluated, 
the measured values were corrected on the basis of the iso-
thermal measurements. 
6.3. Distributions of Wall Temperatures at Uniform Load 
The wall temperatures measured in the structures ( reetangular 
channel) are a necessary boundary condi tion for judging the 
temperature distributions measured in the fluid. 
question of particular relevance: Has the flow 
measurinc;· plane ME6 (fluid temperature) fully 
This is the 










First, the distributions of wall temperatures measured in five 
mesuring planes will be described by an example. 
For the uniformly heated bundle the distribution 
temperatures on the perimeter of the reetangular 
been represented as a function of the heated length 
The measurements were made for a Reynolds number 
of the wall 
channel has 
in Fig. 19. 
Re= 60,100 
which corresponds to a mean bundle velocity UB = 1.91 m/s. With 
a total electric power of 396 KW supplied, this gives a mean 
heat flux density at the rod surface of QH = 50 W/cm2 and a mean 
coolant heating of 96K up to the measuring plane ME6. The heat 
flux densities of the individual rods differ by 1 .5% at the 
maximum. In the non-heated bundle zone the temperatures on the 
channel perimeter are constant (measuring plane MEO, symbol 0). 
At the measuring planes of the heated zone (ME1 through MES) 
temperature peaks occur in the narrowest gaps between the heater 
rods and the channel wall where heat removal by the coolant is 
minimum. All the temperature sinks are located in the center of 
the subchannel. The maximum temperature differences between the 
center of the coolant channel and the narrowest gap are between 
about SK (ME1) and about 12K (MES) in this test. Details can be 
taken from the table of measured values in the Annex. The vari-
ation of the temperatures on the perimeter of the 
channel heavily increases with the heated length 
reetangular 
up to the 
measuring plane ME2 (LH/DH = 60) and thereafter increases only 
slightly. The difference of temperature variations between the 
measuring planes ME4 and MES is only about 5%. It can be con-
cluded from these wall temperature measurements that the temper-
ature distribution of the flow after a heated length of 60 hy-
draulic diameters ( ME2) is already very similar to that after 
195 hydraulic diameters (MES). For the main measuring plane ME6 
(fluid temperatures) this means after a heated length of 201 hy-
draulic diameters that the flow has been largely developed 
thermally there, i.e. the heated length of the bundle of approx-
imatly 2.5 m had been sufficiently dimensioned in designing the 
test section. 
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To be able to study the influenee of the Reynolds ( Peelet) 
number on the thermal development of the flow three test series 
(W03A120 1 W05A075, W05B075) were performed within the TEGENA 1 
test series with the eharaeteristie test parameters eompiled in 
Table 3. The temperature distributions measured for different 
heat flux densities and different eoolant heatings resemble in 
their eourse the distributions represented in Fig. 19. At eaeh 
measuring plane the maximum temperature differenees on the 
entire ehannel perimeter ATCP were determined and normalized to 
the mean eoolant heating DT. The normalized temperature dif-
ferenees ATCP /DT so obtained have been plot ted in F igs. 2 0 1 21 
and 22 over the heated length. The parameter is the flow eondi-
tion eharaeterized by the Reynolds number. Figure 20 shows the 
situation for a mean eoolant heating of DT ~ 95 K. Figures 21 
and 22 show the eonditions for a mean eoolant heating DT ~72 K; 
the resul ts represented in Fig, 22 were obtained from repeti tion 
tests. 
The plots in Fig. 20 show that the temperature field in the 
reetangular ehannel largely develops up to a heated length of 
approximatly 60 hydraulie diameters ( ME2) under all flow eon-
ditions studied (24 1 000 ~RE ~ 76 1 000 1 140 ~ PE~ 440). The four 
heater rods 1 the sodium flow permeated bundle subehannels and 
the surrounding reetangular ehannel make up a thermally eoupled 
system. Therefore 1 i t ean be eoneluded that also the temper-
ature field in the sodium flow has largely developed up to the ' 
measuring plane ME2 (60 DH). For smaller Reynolds numbers 
(RE ~ 30,000) the flow has largely developed thermally at the 
end of 60 DH. The ehange in the temperature field up to approx-
imately 200 DH is only about 10%. For higher Reynolds numbers of 
76 1 000 ( Pe ~ 4 40) the temperature field between the measuring 
planes ME2 and MES ehanges only by 50% and between the measuring 
planes ME4 and MES only by 7%. That means that for this flow 
eondition the flow has largely developed thermally at the end of 
approximatly 200 DH. 
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The f 1 uid temperatures a t the measur ing plane ME6 ( = 2 01 DH) 
were measured at maximum Reynolds numbers of about 60 1 000. For 
this flow condition the temperature field in the reetangular 
channel changes by about 3% from ME4 to MES. Assuming that the 
change of the temperature field in the subchannels with sodium 
flow resembles that in the reetangular channel 1 the following 
holds: Wi th a fully heated bundle all fluid temperatures are 
measured while the flow has largely developed thermally. The 
heated length of 2500 mm specified prior to heater rod manufac-
ture in order to achieve thermally developed flow was therefore 
dimensioned appropriately. 
The plots in Figs. 21 and 22 obtained from the test series 
W05A075 and W05B075 confirm the plots described before and hence 
lead to the same conclusions as above. 
Supplementing this and for the sake of comparison the wall 
temperature distributions have be(?n represented in Fig. 23 for 
an example taken from the test series TEGENA 2. For fully turbu-
lent flow with Re = 68 1 000 (Pe = 366 1 UB = 1.97 m/s 1 
QH = 51 W/cm2 the temperature profiles on the perimeter of the 
reetangular channel are regular again at all five measuring 
planes. The mean temperature variation on the channel perimeter 
initially increases clearly up to a heated length of about 
100 hydraulic diameters (MP3); thereafter 1 the increase amounts 
to only a few percent. Looking at the local temperature dis-
tribution one finds asymmetries in the neighborhood of the outer 
rods H 1 and H4. The reason probably is 1 i t t le displ acemen t of 
the rod away from the ideal posi tion which is indicated by 
arrows in Fig. 31. 
The wall temperature distributions were measured for five dif-
ferent f low condi tions in the range of 3 700 ~ Re ~ 68 1 000 
(21 ~ Pe ~ 366). The most important test parameters of this test 
series belanging to TEGENA 2 have been compiled in Table 4. It 
is evident also here that the major thermal development pro-
cesses take place along the first 100 hydraulic diameters. In 
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the upper bundle half the temperature profiles resemble much 
each other; the changes of temperature Variations on the channel 
perimeter are only some percent here. 
In a more detailed analysis of the temperature differences 
measured in the individual subchannels i t can be shown that 
thermal development is fastest where the heating and cooling 
conditions are symmetric. This is the case in the central wall 
channels and in the corner channels. In the other bundle zones 
thermal development is slow with a non-linear dependence on the 
Re number and the heat flux densi ty 1 respectively 1 at constant 
coolant heating. The following two diagrams will illustrate this 
by way of example. In Fig. 24 local azimuthal temperature dif-
ferences (TV) in the zone of the central wall channels have been 
plotted for different Re numbers as a function of the heated 
length. TV is a temperature difference between two neighboring 
wall thermocouples located at the same measuring plane; cf. 
Fig. 7. The local temperature differences TV have been normal-
ized to the mean coolant heating DTC 1 and the heated length LH 
has been normalized to the mean hydraulic diameter DH in the 
bundle. The points entered in the diagram are mean values of the 
four local temperature differences (marked in the bundle cross-
section) in the zone of the central wall channels. The plots for 
the three different Re numbers exhibit a continuous rise up to a 
heated length of about 1 00 DH and thereafter they become very 
flat up to 200 DH. Furthermore 1 it can be taken from the diagram 
that the normalized temperature differences TV/DTC 1 above a 
heated length of about 50 DH 1 are proportional to the Re number 
in any subchannel cross-sections. 
The respective conditions are completely different for the wall 
channels in Fig. 25 which are coupled with the corner channels. 
The points traced in this diagram are mean values of the four 
temperature differences marked in the bundle cross-section. For 
Reynolds numbers smaller than 32,000 the normalized temperature 
differences do no langer undergo changes at the end of about 
50 DH and 1 moreover, they are clearly smaller than in the cent-
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ral wall channel. For heavily turbulent flow with Re = 68,000, 
on the other hand, the plot takes a steep course in the bottom 
part of the bundle, attains a maximum at DH 80, and at 
DH = 200 its tendency is still to decrease. It can be supposed 
that in this flow condi tion thermal equilibration between the 
corner channel and the neighboring wall channel is not yet 
completed. At medium and small Reynolds numbers the high mo-
lecular thermal conductivity brings about thermal equilibrium 
already after short heated lengths. 
The development of the normalized local temperature differences 
at the measuring plane MPS has been represented in Fig. 26 as a 
function of the Re number. The temperature differences TV meas-
ured between neighboring wall thermocouples have been given the 
same numbers for comparable geometric zones in the cross-section 
of measurement. The curves in the diagram are based on the mean 
values of similar temperature differences and are designated by 
the respective numbers. It can be recognized that the normalized 







fully symmetric bundle 
channels) ( plots 1 and 5, 
of cases a non-linear 
3 and 4) is obtained. 
zones ( central wall 
respecti vely) . For 
dependence on the Re-number 
Summarizing, the following conclusions can be drawn from the 
wall temperature distributions measured under conditions of 
uniform load: 
From the development of the temperature field in the external 
bundle structure (rectangular channel) conclusions can be 
drawn with respect to the development of the temperature field 
in sodium flow because the system is thermally coupled. 
· For the case of uniform load ( all 
flow at the main measuring plane 
thermally after a heated length of 
meters. 
four rods heated) sodium 
ME6 has largely developed 
about 200 hydraulic dia-
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The local analysis provides indications to the effect that for 
greater Reynolds number thermal equilibrium between coupled 
subchannels of different sizes ( wall channel/corner channel) 
has not yet been completed after 200 hydraulic diameters. 
6.4 Fluid Temperature and RMS Profiles at Uniform Load 
In this chapter it is reported about temperature profiles meas-
ured with the mobile measuring probes on lateral traverses 
(Y direction) and on longitudinal traverses (X direction) in the 
bundle subchannels. 
6. 4.1 TEGENA 1, Profiles on X/Y Traverses, Uniform Load 
The fluid temperature profiles measured in the TEGENA test 
series have been represented in Figs. 2 7 to 30. The bundle is 
hea ted un iformly at 50 W I cm2 and the sodi um f lows through the 
bundle at a mean velocity of UB ~ 1.90 m/s (Re~ 60,000). The tem-
perature profiles measured wi th the probe S2 on Y traverses 
between the heated rods H3 and H4 have been represented in 
Fig. 27 (direction of motion A, positive Y direction for 
probe S2) and in Fig. 28 (direction of motion B, negative Y dir-
ection for probe S2). In the test F04Q1 2A .DAT the probes were 
moved with increasing measuring coordinate (DIR A), in the test 
F04Q12B .DAT with decreasing measuring coordinate (DIR B). The 
directions of motion have been traced also in the diagrams. 
DIR A means the pushing movement of the measurement slides, 
DIR B the pulling movement of the measurement slides. The two 
measuring traverses have constant X coordinates (X21 = 86.96 mm, 
X22 = 88.79 mm); they run symmetrically with the central line in 
Y directrion between the rods H3 and H4. The profiles measured 
with the four probe thermocouples coincide; in the center of the 
wall channel they proceed steeply and linearly, and in the 
narrowest gap between the rods (Y = 16.2 mm) they attain a 
maximum of symmetry. The measured results are practically inde-
pendent of the direction of motion which is shown by a compar-
ison of the temperature profiles in Figs. 27 and 28. These meas-
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urements show that the flow had a symmetric distribution and the 
power must have been released uniformly. Furthermore, it can be 
concluded that the probe had been correctly positioned and that 
the measured values were corrected properly on the basis of the 
isothermal measurements. Slight temperature differences between 
the measured plots of the thermocouples TE21/TE22 anu those of 
the thermocouples TE24/TE23 are caused by small changes in the 
operating parameters because the measured values were recorded 
at the same locations and at different points in time each. 
The temperature profiles measured wi th the probe S2 on the 
X traverses parallel to the long channel wall have been repres-
ented in Fig. 29 (direction of motion A, negative X direction 
for probe S2) and in Fig. 30 (direction of motion B, positive 
X direction for probe S2). The measurement traverses are located 
on the Y Coordinates Y21 = 2.68 mm and Y24 = 0.85 mm; their 
distances wi th respect to the heater rods and the duct wall, 
respectively, are the same. The measurement plots in Fig. 29 and 
in Fig. 30 exhibit minima each in the centers of the subchannels 
and maxima in the narrowest gaps. Also in X direction the res-
ults of measurement are independent of the direction of motion 
of the probe. A slight shift by about 1.5 mm in the temperature 
maxima in the narrowest gap between the rod H4 and the channel 
wall towards the wall channel can be observed. The maximum 
temperatures in the narrowest gap for rod H4 are only about 4K 
above those in the narrowest gap for rod H3 which corresponds to 
roughly 4% of the coolant enthalpy rise. The mean temperature 
gradients in Y direction differ by about 12% at the respective 
locations. A possible explanation is the rod power of rod H4 
which is higher by about 4% compared to rod H3 which would imply 
coolant heating higher by 2.5K. However, this is contradicted by 
the fact that the cross-sectional surface of the corner channel 
is larger by 22% than that of half the wall channel and that, 
conseguently, the coolant channel cross-section of rod H4 is 
larger by 11% than that of rod H3. A further explanation for the 
temperature differences ocurring in the narrow gaps would be 
deviations of the rods H3 and H4 from the ideal geometry. An 
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assumed mean eccentric position of 0.1 mm of rod H3 in positive 
Y direction and of rod H4 in negative Y direction may lead to 
the measured temperature differences which has been shown by 
subchannel code based computations; cf. Chapter 7. The vertical 
spacings between the curve pairs reflect mean temperature gradi-
ents in Y direction. In the narrowest gaps maximum values of 
about 3 K/mm are obtained 1 in the subchannel centers minimum 
values of 0.6 K/mm. The maximum temperature gradients of the 
measured curves are 2.2 K/mm in X direction. 
The fluid temperature profiles measured in the TEGENA 1 test 
series using probe S1 are not described here because the probe 
shaft got slightly deformed and the measured values were helpful 
to a limi ted extent only; the resul ts obtained have been re-
presented in /12/. 
6.4.2 TEGENA 2, Profiles on X/Y Traverses, Uniform Load 
In the TEGENA 2 test series fluid temperature measurements were 
repeated on Y and X traverses wi th the test parameters similar 
to those used in the TEGENA 1 test series. It should be noted in 
this context that new heater rods had been installed and mod-
ified measuring probes wi th a slightly different geometry were 
used. 
The temperature profiles measured with the probes P1 and P2 on 
parallel Y traverses have been represented in Figs. 31 to 34. 
The RMS values of temperature fluctuations measured at the same 
time have likewise been entered. The measurement traverses have 
constant X coordinates. For probe P1 they are X11 = 31.66 mm and 
X 1 2 = 2 9. 61 mrn which means that they run symmet r ically between 
the heated rods H1 and H2; for the probe P2 they are 
X21 = 86.57 mm and X22 = 89.22 mm which means that they run 
symmetrically between the heated rods H3 and H4. In the test 
M332.DAT the probes were moved with increasing measuring CO-
ordinate (DIR A) I in test M334.DAT with decreasing measuring 
coordinate (DIR B). The directions of motion have also been 
traced in the diagram; DIR A means the pushing movement of the 
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measurement slide 1 DIR B the pulling movement of the measure-
ment slide. These are the findings from the profiles measured on 
the Y traverses. The temperature profiles measured with the four 
probe thermocouples coincide for the two probes because the 
temperature distribution in X direction is symmetric wi th re-
spect to the parallel measuring traverses. Pronounced temper-
ature maxima occur in the narrowest gaps between the heated 
rods. Exactly at these points the RMS profiles exhibi t pro-
nounced minima. This means that the temperature fluctuations are 
minimum where the tempeature gradients in the direction of 
movement of the measuring sensors become zero which is a plaus-
ible explanation. Conversely 1 the RMS profiles have their maxima 
where the temperature gradients are greatest. The profiles 
traced in opposite direction each (DIR A/B) (Figs. 31 and 32 for 
probe P1 1 Figs. 33 and 34 for probe P2) give the same results. 
By little change in the test parameters from test M332 to test 
M334 the temperature levels have changed by a few degrees each. 
This is expressed by the slight shift in location of the temper-
ature profiles. The RMS profiles, however, fully coincide in the 
two tests because the temperature gradients have practically not 
undergone any changes. The conspicuous deviations of the temper-
ature maxima and the RMS minima from the geometric center 
(Y = 16.2 mm) for probe P2 (Figs. 33 and 34) suggest geometric 
displacements of the two rods H3 and H4 or of ei ther of them. 
The differences of the RMS values in the range of maximum 
temperature gradients suggest that the thermocouple tips of TC21 
and TC24 and TC23 and TC22 1 respectively 1 have not been shifted 
exactly on the same Y traverses. 
The temperature profiles measured on X traverses for similar 
test parameters and the related RMS profiles have been repres-
ented in the following two diagrams. The thermocouples of probe 
P1 were shifted between the heater rods H1 1 H2 1 H3 and the long 
channel wall on the X traverses running parallel to the wall 
with the fixed Y coordinates Y11 = 29.39 mm and Y14 = 31.44 mm 
(Fig. 35) The thermocouples of probe P2 were shifted between 
the heater rods H2 1 H3 1 H4 and the opposite long channel wall on 
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the X traverses at Y21 = 3.13 mm and Y24 = 0.48 mm distance 
(Fig. 36). Similar to the measurements belanging to the TEGENA 1 
test series ( cf. Figs. 29 and 30) 1 also here the mean temper-
ature profiles exhibit pronounced maxima in the narrowest gaps 
between the heater rods and the channel wall.All the temperature 
minima occur in-between 1 in the centers of the subchannels. The 
maximum temperature variations in X direction are about 22 K. 
The amplitude difference between the two curve pairs is in each 
case a measure of the mean temperature gradients in Y direction 
at a given X position. The mean temperature gradients in Y dir-
ection VQry approximately between 1 K/mm (subchannel center) and 
3 K/mm (narrowest gap). The mean temperature of the wavy temper-
ature profiles decreases towards the center of the bundle. The 
same tendency was observed in the mesurements belanging to the 
TEGENA 1 test series (cf. Figs. 29 and 30). The RMS values of 
the temperature fluctuations recorded at the same time as the 
mean temperatures 1 like on the Y traverses 1 exhibi t maxima in 
the zones with high temperature gradients. The minima of the RMS 
profiles occur where the temperature gradients become zero. 
In the TEGENA 2 test series temperature profiles and related RMS 
profiles were measured at uniform load (all rods heated) under 
five different flow conditions in total (Re::::: 4000 1 8000 1 16 1 000 1 
32,000, 64 1 000). The profiles measured for Re ::::: 16 1 000 (Pe ::::: 90) 
have been represented in Figs. 3 7 and 38 ( Y traverses) and in 
F igs. 3 9 and 40 (X traverses) The plots largely correspond to 
those obtained for high Re numbers although the heat flux 
densi ties, the maximum temperature variations, the temperature 
gradients and the maximum RMS values are smaller by about a 
factor of 5. The temperature and RMS profiles measured in Y dir-
ection greatly resemble those measured for high Re numbers; the 
maxima and minima are pronounced and occur at the same loca-
tions. However, the temperature and RMS profiles measured in 
X direction 1 compared to those measured for high Re numbers 1 
exhibi t characteristic differences if looked at more closely. 
The temperature profiles measured with both probes exhibit 
clearly different maxima in the narrow gaps of the central rods 
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H3 and H4. This is an unexpected finding, which cannot be ex-
plained straightforwardly. It can be supposed that the central 
rods in this operating condition are shifted slightly from their 
ideal positions, namely rod H2 in the positive and rod H3 in the 
negative Y directions. A question which can be clarified solely 
by further studies would be whether under this flow condi tion 
(Re ~ 16,000, Pe ~ 90) mixed convection might already be capable 
of causing the observed irregulari ties in temperature 
( cf. Figs. 31 to 36, Re ~ 68,000). Whereas the RMS plots have 
still pronounced maxima and minima on the Y traverses, the 
extremes on the X traverses are still only visible well for the 
thermocouples TC21 and TC22 of the probe P2 (Fig. 40). The 
thermocouples TC24 and TC23 moved on the near-wall traverse 
(distance from the wall Y24 = Y23 = 0.46 mm) practically did not 
show any longer changes in temperature fluctuations. The same is 
true for all thermocouples of probe P 1 ( F ig. 3 9) . The concl us ion 
can be drawn from this that the thermocouples wi th the non-
insulated measuring tips of the probe P2 are more sensitive than 
the thermocouples with the insulated measuring tips of the 
probe P 1 . The differences in RMS v al ues of different thermo-
couples of similar design (insulated or non-insulated measuring 
joint) in the range of 0.1 2. RMS [K] 2. 0. 3 are probably due to 
the differences in the geometries of the measuring tips; in that 
case, they could be largely eliminated by calibration. 
For three different Renumbers (Re~ 8000, 16,000, 32,000) the 
temperature profiles measured with the probe P1 and the associ-
ated RMS profiles have been represented in Fig. 41 The probe 
was displaced in Y direction on the line of symmetry between the 
heater rods H 1 and H2. The temperatures measured during dis-
placement wi th the four thermocouples, TC11, TC12, TC13 and 
TC14, are largely identical for reasons of symmetry; the same is 
true for the four RMS profiles. All plots represented in the 
diagram are mean value plots from four curves recorded by the 
thermocouples mentioned before. The test parameters for the 
curves 1 through 3 have been indicated in Fig 41 The temper-
ature plots (top part in the diagram) exhibi t a uniform rise 
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towards the center of the bundle over the major part of the wall 
channel, and in the narrowest gap between the heater rods they 
pass through a pronounced maximum. Only a few millimeters in 
front of the non-heated channel wall - the order of magnitude is 
the gap width of 3. 7 mm the temperature gradients decrease 
noticeably; the distance of the point of measurement nearest the 
wall is 1.5 mm. For the temperature plots 1 and 2 a slight shift 
of the temperature maxima from the geometric center 
(Y = 16.2 mm) of about -0.5 mm and +0.5 mm, respectively, is 
observed. The RMS values of the temperature fluctuations re-
corded at the same time as the mean temperatures have been 
represented in the bottom part of the diagram. For the examples 
described here the RMS values occur between 0.2 and 1.3 K. All 
the RMS plots have a maximum where the temperature gradients in 
Y direction are maximum. In X direction the temperature gradi-
ents are negligibly small at the measuring sensors outside the 
narrowest gap. Pronounced minima are exhibited by all RMS plots 
at the point Y = 16.2 mm in the narrowest gap between the rods; 
a slight shift cannot be recognized here as in the case of the 
temperature maxima. The RMS values differ here in absolute terms 
by about 0. 2 K because in the zone of the narrowest gap the 
temperature gradients in X direction cannot be fully neglected. 
At 1 .5 mm distance from the non-heated duct wall the RMS values 
for the three flow condi tions investigated almost agree; this 
means that the temperature 
hardly from each other. The 
ured wi th the probe P2 are 
scribed before. 
gradients in Y direction differ 
temperature and RMS profiles meas-
largely identical wi th those de-
The reproducibility of the measured results will be demonstrated 
with the following four figures (Figs. 42 to 45). The profiles 
of two t hermocouples each of probe 1 ( F igs. 42 and 4 3) and of 
probe P 2 ( F igs. 4 4 and 4 5) are those determined in three di f-
ferent tests involving similar test parameters (Tab. 5). The 
tests were performed at Re~ 33,000 and QH ~ 21 W/cm2 • Within the 
accuracy of measurement ( cf. Chapter 8) and considering the 
slight differences in the operating condi tions ( inlet temper-
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ature, power, mass flow) and the minor deviations from the fully 
steady state eondi tion, the reprodueibili ty of the measurement 
plots is good. The maxima and minima of the plots oeeur at the 
.Same Y posi tions for all three tests. The differenees in the 
development of the RMS plots in Figs. 42 and 43 and in Figs. 44 
and 45, respeetively, are due to the different distanees of the 
respeetive thermoeouples from the long walls of the reetangular 
ehannel; see Table 7. It should be mentioned here that the mean 
temperature variations of the wavy 
steady state in X direetion although 
temperature profiles are 
they run in the opposi te 
direetion eompared to those at higher Reynolds numbers and power 
(ef. Figs. 35 and 36, Re~ 68,000, QH ~ 51W/em2 ). This ean be 
explained probably only by a slightly different rod position in 
the reetangular ehannel. 
Summarizing, the following ean be stated for the fluid temper-
ature and RMS profiles measured at uniform load on the Y and 
X traverses: 
The measurements at the main measuring plane ME6 were per-
formed in a flow eondi tion whieh ean be termed largely de-
veloped thermally. 
Pronouneed maxima of the fluid temperature profiles oeeur in 
the narrowest gaps of the eoolant ehannels. 
The minima of the fluid temperature profiles oeeur in the 
eenters of the subehannels on the unheated wall. 
The maximum temperature fluetuations ( maxima of the RMS pro-
files) oeeur in the zones with the greatest temperature gradi-
ents. 
The smallest temperature fluetuations oeeur where the tem-
perature gradients disappear i. e. at the points of temper-
ature maxima and minima. 
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· For medium and small Reynolds and Peclet numbers (Re~ 30,000, 
Pe ~ 170) the high molecular heat conduction of sodium con-
tributes more intensively to temperature equilibration. 
Comparable resul ts have been obtained wi th the two temper-
ature probes P1. and P2. 
· Different thermocouples provided on the same measurement 
traverses give the same results. 
· The reproducibility of the measured results is good. 
Possibly prevailing 
(Re:;;.. 16,000) can be 
tions. 
mixing convection at low 
clarified solely in further 
Re numbers 
investiga-
6.5 Distribution of the Wall Temperatures under Flux Tilting 
Conditions 
In the TEGENA 1 test series a number of flux tilting tests were 
performed with both and single external rods heated (Tab. 6). In 
Fig. 46 the wall temperature profiles have been represented with 
the external rods H 1 and H4 heated. In the heated zones the 
temperature variations intensify on the perimeter of the reetan-
gular channel with increasing heated length up to the measuring 
plane ME4 similar to those wi th the fully heated bundle. How-
ever, at the measuring plane ME5 a clear change of the temper-
ature profile can be observed in 
heated rods and the long duct 
the narrowest gaps between the 
walls. Here a second thermal 
process of flow development has obviously started. 
If for the same Reynolds number (Re~ 61 ,000) only one external 
rod H1 is heated (Fig. 47), the temperature distributions are 
similar to those with two external rods heated. The mutual in-
fluence extending over two unheated rods is therefore negli-
gibly small. However, if the Reynolds number is reduced to half 
its previous value (Re ~30,000), the temperature profiles under-
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go a marked variation as early as at the measuring plane ME3 
(Fig. 48). If the Reynolds number is halved again (Re~ 15,000), 
the temperature profiles undergo variations as early as at the 
measur ing plane ME2 ( F ig. 4 9) . Thus, und er f lux til t ing condi-
tions a second thermal f low development process sets in whose 
beginning and development depend on the f low condi tion. For 
small Reynolds numbers the high molecular heat conduction of the 
fluid produces obviously the effect that this second thermal 
development starts already for short heated lengths. 
In the TEGENA 2 test series the distributions of the wall tem-
peratures were determined systematically for four different 
heating conditions of the bundle (uniform load as the reference 
case and three cases of flux tilting, Tab. 6). The wall temper-
ature profiles measured on the perimeter of the reetangular 
channels at five measuring planes (MP1 to MP5) have been re-
presented in Figs. 50 through 53. In these tests the following 
parameters were kept constant: the Reynolds number, Re~ 30,000 
(Peclet number Pe ~ 180, mean flow velocity in the bundle 
UB ~ 1 m/s), the heat flux density on the surface of the heated 
rods, QH ~ 21 W/cm 2 • The mean coolant heating DTC of about 80, 
60 and 40 K was proportional to the electric power generated in 
the bundle. The temperature Variations on the perimeter of the 
reetangular channel rise with increasing heated length. For the 
case of uniform load with four heated rods (Fig. 50) the temper-
ature variation on the channel perimeter at the measuring 
plane MP5 still increases but slightly compared with MP4. This 
means that the flow after a heated length of about 200 hydraulic 
diameters has largely developed thermally. On the other hand, 
for the three cases of flux tilting (Figs. 51 through 53) the 
temperature profiles undergo variations as early as at the 
measuring planes MP2 and MP3, respectively. This means that 
there a second thermal process of flow development starts which 
is not yet terminated after about 200 hydraulic diameters in the 
zone of the main measuring plane MP6. 
Summarizing, 
temperature 
i t can be said that 
distributions yield 
the measurements of the wall 
the following results with 
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different bundle heating (flux tilting): 
· Under flux tilting conditions the flow has not 






· Dependent on the type of heating (1, 2, 3 rods heated) and on 
the flow condition (Re, Pe), a second thermal flow development 
process sets in. 
6.6 Fluid Temperature and RMS Profiles under Flux Tilting Con-
ditions 
In the TEGENA 1 test series the central rods H2 and H3 could no 
langer be heated after some days of testing; the probe S 1 was 
slightly deformed from the very start. For this reason, extens-
ive flux tilting tests were performed with the probe S2 and ex-
clusive heating of the rod H4. Fluid temperature and RMS pro-
files were measured on X/Y traverses, diagonal traverses and 
circular arcs on the perimeter of the rod H4. Characteristic 
resul ts of these measurements will be described below. During 
the TEGENA 2 test series all four rods and the two probes con-
tinued to function until the end of testing. Therefore, sys-
tematic measurements were performed in that test series for four 
different flux tilting cases and the results will be described. 
6.6.1 TEGENA 1, Profiles on X/Y Traverses, Rod H4 Heated 
These were the test parameters in the examples below: 
Re~ 30,000, Pe ~ 180, QH4 ~ 7.7 W/cm2 • 
The probe S2 was displaced on three Y-traverses, namely 
between the heated rod H4 and the unheated rod H3; 
between the heated rod H4 and the short channel wall; 
in the narrow gap between the heated rod H4 and the long 
channel wall. 
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Figure 54 shows the temperature plots on two Y traverses run-
ning symmetrically between the rods H3 and H4. The plots coin-
cide pairwise. The temperature maxima occur exactly in the 
narrowest gap at Y = 16.2 mm. The mean temperature gradient of 
0. 6 K/mm in X direction between the top and bottom plots is 
almost constant over the whole measuring path. The RMS values of 
the temperature fluctuations show pronounced minima in the 
narrowest gap between the rods because there the temperature 
gradients are zero. In Fig. 55 the temperature plots are like-
wise represented on two Y traverses running symmetrically 
between the heated rod H4 and the short channel wall. A remark-
able temperature gradient in X direction exists only in the zone 
of the narrowest gap; it disappears in the center of the corner 
channel. The RMS plots exhibit only weak maxima and minima; the 
absolute RMS values of 0.1 K are very low on account of the 
proximity to the unheated wall. 
On the very short Y traverses in the narrow gap between the 
heated rod H4 and the long channel wall six points of measure-
ment were obtained with each thermocouple (Fig. 56). The rise in 
temperature towards the heated rod wall and the temperature drop 
in X direction are clearly visible from the distance between the 
curve pairs. This means that at the end of the heated zone 
( -200 DH) heat continues to flow towards the unheated rods so 
that thermal development is not completed. The relatively high 
RMS values measured by the thermocouple TE24 (symbol D) might be 
due to a higher sensitivity of that thermocouple. 
The probe S2 was displaced on three X traverses, namely 
between the rods H2, H3, H4 and the long channel wall, 
in the narrowest gap between the rods H3 and H4, 
between the heated rod H4 and the short channel wall. 
The temperature profiles measured on parallel X traverses be-
tween the rods and the long channel wall ( F ig. 57) coincide in 
the unheated zone and only araund the heated rod H4 two pairs of 
curve are visible whose vertical distance is a measure of the 
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temperature gradient in Y direction. The temperature maxima 
occur about 3 mm right of the narrowest gap between the rod H4 
and the channel wall which means that heat continues to flow 
there from the corner channel into the wall channel. The RMS 
plots traced in parallel exhibit pronounced maxima in the range 
of the maximum temperature gradients; the thermocouples TE21 and 
TE22 moved on the same X traverses provide practically identical 
RMS values. 
The temperature and RMS profiles measured on the short X tra-
verses and parallel to the rod center linkage have been repre-
sented in Figs. 58 and 59. Again six points of measurement at 
0. 2 mm spacing each were measured wi th each thermocouple. The 
temperature curves coincide pairwise because the flow and 
cooling conditions are symmetric with respect to the displace-
ment path of the probe axis (rod center linkage). These meas-
urements in the narrowest gaps still give physically reasonable 
results at the relatively low heat flux densities (~7 W/cm2 ). 
It should be recalled here that the mean temperatures were 
corrected on the basis of calibration tests. By cantrast, the 
RMS values have not been corrected and therefore difference of 
up to 0. 2 K are obtained between the different measuring sen-
sors, and these differences originate primarily in the slightly 
differing geometries of the measuring sensors. 
6.6.2 TEGENA 1, Profiles on Radial Traverses, Rod H4 Heated 
The probe S2 was displaced from the heated surface of the rod H4 
on radial traverses into the wall channel (-45° with respect to 
the negative Y direc t ion) and in to the corner channe l ( +4 5o) • 
Two thermocouples each moved tagether with the probe axis on the 
45o traverses and the other two thermocouples on parallel tra-
verses running at 1. 29 mm distance. The radial temperature and 
RMS profiles measured at RE~ 30,000 and QH ~ 7.7 W/cm 2 have 
been represented in the following four figures. 
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Figure 60 shows the profiles in the wall channel whose measur-
ing points were recorded wi th increasing radius (DIR A). The 
temperature plots exhibit slightly increasing gradients in 
direction of the heated rod surface which is nearly 1 mm dis-
tant from the first point of measurement. By extrapolation a 
maximum temperature on the rod surface of T ~ 316oc is obtained. 
The RMS plots show a broad maximum wi th a variation of only 
0. 2 K along the entire path of measurement. The profiles re-
corded in the opposite direction (decreasing radius, DIR B) 
practically gi ve the same resul ts ( Fig. 61). They are entered 
separately with a view to demonstrating the reproducibility of 
the results. 
The radial profiles measured in the corner channel with increas-
ing radius (DIR A) are shown in Fig. 62. The temperature gra-
dients near the heated surface are greater than those in the 
wall channel. However, in the unheated corner the radial temper-
ature gradients approach zero. The temperature determined by 
extrapolation on the rod surface is T ~ 321 oc. The RMS values 
are smaller than 0.2 K and practically constant over the entire 
path of measurement. The profiles recorded with decreasing 
radius ( Fig. 63, DIR B) again give the same resul ts which con-
firms that the results are reproducible. 
6.6.3 TEGENA 1, Azimuthal Profiles, Rod H4 Heated 
On semicircular arcs provided at 0. 5 and 1 . 0 mm distance from 
the heated surface of the rod H4 the temperature and RMS pro-
files were measured (Figs. 64, 65). In the wall channel 
(-90oc ~ A ~ 0°) the thermocouple TE22 was moved on the circular 
arc and the thermocouple TE21 was moved in the corner channel 
(0° ~ A ~ +90°). The profiles measured on the circular arc with 
the radius R = 13.0 mm have been represented in Fig. 74. The 
measured values recorded clockwise (DIR A) have been designated 
by the symbols 2, (temperatures) and B,A (RMS values). 
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The measured values recorded clockwise (DIR B) have been desig-
nated by the symbols * ( temperatures) and + ( RMS values). The 
measured values recorded on the circular arc in opposite direc-
tions practically provide the same temperature and RMS profiles 
which means that the probe had been posi tioned correct ly. The 
whole temperature variation near the rod surface on the circular 
arc R == 13.0 mm for this example is 1 7 K (RE::::: 30 1 000 1 
QH ::::: 15 W/cm 2 ). The Variation is by far strengest in the wall 
channel where it attains about 13 K (75%). The greatest temper-
ature gradient occurs at the angular position A == -30° where 
also the RMS values of the temperature fluctuations attain a 
maximum of about 0. 6 K. The profiles measured on the circular 
arc, radius R == 13.5 mm 1 have been represented in Fig. 74. The 
whole temperature variation of about 22 K is higher by approx-
imately 30% on this circular arc which is 0.5 mm larger. Hence 1 
also the maximum azimuthal temperature gradients are greater 
and 1 consequently 1 the maximum RMS values which now amount to 
0. 7 K. If the values measured in the direction DIR A from the 
two circular arcs are plotted in a diagram ( Fig. 75) 1 the fol-
lowing can be stated. The radial temperature gradient which can 
be read between the plots is about twice as high in the wall 
channel 1 namely 2.5 K/mm compared with the corner channel. The 
RMS values have their maxima at A = -30° in the zone of maximum 
temperature gradients whereas they are nearly constant in the 
corner channel. 
6.6.4 TEGENA 2, Profiles on X Traverses, 2,3,4 Rods Heated 
In the TEGENA 1 test series the situation during heating of an 
external rod had been comprehensively studied. In the TEGENA 2 
test series another four flux tilting cases as well as the 
uniform load case were studied as a reference test (Tab. 6) 1 
namely. 
heating all four rods 1 reference test 1 
heating the rods H 1 I H3 1 H4 1 
. heating the rods H 1 I H2 1 H4 (not represented here) 1 
heating the rods H 1 I H4 1 
. heating the rods H2 I H3. 
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In the following four diagrams (Figs. 67-70) the temperature and 
RMS profiles are represented which were measured on the X-tra-
verses with the probe P2 under the heating conditions mentioned 
before. For the uniform load case as the reference test 
( F ig. 6 7) temperature prof iles are obtained a t QH ~ 21 W I cm 2 and 
Re ~ 33,000 which. are similar to those for higher heat flux 
densi ties ( QH ~51 W /cm 2 , Fig. 36). However, the global temper-
ature plot exhibits a tendency to fall with increasing X coordi-
nate in case of the low power and the tendency to rise in case 
of the higher power. Thus, these results were reproducible 
several times. The supposed cause of these unexpected differ-
ences is a different rod configuration wi thin the limi ts of 
spacer tolerances in the reetangular channel with changed radial 
temperature gradients in the heater rods. Corresponding to the 
smaller temperature gradients, the RMS values in Fig. 6 7 are 
likewise reduced. The RMS profiles of the thermocouples TC21 and 
TC22 displaced near the heater rods exhibi t only one maximum 
around the subchannel centers at X2 = 60 mm and X2 = 88 mm at 
the lower power. The RMS profiles of the thermocouples TC24 and 
TC23 displaced near the channel wall exhibi t only very li ttle 
variation of about 0.1 K. The underlying reasons might be the 
intensified influence of the high molecular thermal conductivity 
of sodium at the medium Re numbers as well as an attenuating 
effect of the unheated wall. 
If only three of the four rods are heated (H2 not heated), the 
profiles shown in Fig. 68 are obtained; the modified scales of 
the ordinates should be considered. Due to the steep temperature 
gradients in the neighborhood of the unheated rod H2, the max-
imum RMS values attain approximately three times the values with 
uniform heating of the bundle. The RMS values entered in addi-
tion for the thinner central thermocouple are again clearly 
higher than those of the other thermocouples. The explanation 
might be the higher resolution in case of smaller size of the 
sensor. If only the rod H3 is not heated, the results obtained 
are similar to those described before. 
- 49 -
The si tuation prevailing ln the case of flux til ting wi th two 
heated external rods is described in Fig. 69. It is striking 
here that the RMS double plots intersect or overlap on the 
various X traverses araund the narrowest gap on the unheated rod 
H3 at X2 :::l 74 mm. This means that the temperature gradient in 
Y direction practically vanishes for X2 ~ 74 in the wall channel 
between the unheated rods. 
The third case of flux tilting with two heated inner rods has 
been represented in Fig. 70. In that case the temperature gradi-
ents are maximum between the heated rod H3 and the unheated rod 
H4 and, consequently, the value of about 2.5 K is approximately 
five times the RMS value of the uniformly heated bundle. 
Summarizing, the following statements can be made on the basis 
of the results of measurement obtained with differences in 
bundle heating: 
With differences in bundle heating (flux tilting) the flow has 
not developed thermally after a heated length of 200 DH; this 
has to be taken into account when the measurements of the 
fluid temperatures are interpreted. 
· The direct relationship existing between 
temperature gradients and the intensi ty of 
the local spatial 
temperature fluc-
tuations assigned to them gets particularly striking. 
The results measured during the TEGENA 2 test series using the 
probe P1 resemble largely those measured with the probe P2 and 
lead to the same conclusions 
6. 7 Two-dimensional Fields of the Fluid Temperatures and Tem-
perature Fluctuations in Wall Channels, TEGENA 2 
For the detailed two-dimensional measurement of the wall chan-
nels of the bundle the probes P1 and P2 were displaced stepwise 
by abou t mm on 11 parallel X traverses ( spacing :::l 1 mm) . In 
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this way, all probe thermocouples were posi tioned on the mesh 
points of a network of approximately 1 mm mesh width. The wall 
channels SC3 and SCS were measured using the probe P 1 whereas 
the probe P2 was used to measure the wall channels SC6 and SC8 
(Fig. 71). The heat flux densities set were 5, 10 and 20 W/cm 2 , 
the respective Reynolds numbers were 8000, 16,000 and 32,000. 
The resul ts of measurement wi th one thermocouple each of the 
probes P1 and P2 placed in the wall channels SCS and SC6, re-
spectively, have been represented by way of example; Fig. 72 
(TC11) and Fig. 73 (TC21). The data plotted are the fluid tem-
perature and RMS profiles on seven parallel X traverses, equi-
distant wi th 1:!. Y = 1 . 03 rnrn. It can be recognized from Fig. 72 
that the temperature profiles run symmetrically with respect to 
the line of symmetry of the subchannel. The vertical spacing of 
the temperature plots on the line of symmetry would have to be 
approximately of the same size under ideal condi tions because 
the temperature gradient in Y direction between two heated rods 
is practically linear; cf. Fig. 41 . Deviations are caused by 
deviations of the operating parameters from the ideal steady-
state condition. In case of the RMS plots these fluctuations in 
test Operation have but little bearing on the local temperature 
gradients and therefore a higher uniformity can be found for the 
RMS profiles. The statements made for Fig. 72 are applicable 
also to the profiles of the thermocouple TC21 represented in 
Fig. 73. 
The test results described before have been traced as isotherms 
and as lines of equal RMS values of the temperature fluctuations 
( isofluctuations) in the following four figures. The X coordi-
nates of the points in the diagram were calculated by inter-
polation for predefined constant temperature and RMS values, 
respectively. The isotherms measured with the thermocouples TC11 
and TC21 (Figs. 74 and 75) run symmetrically in with respect to 
the bisecting lines of the wall channels (X = 59.2 5 mm) . The 
lines of equal RMS values ( isofluctuations) in Figs. 76 and 77 
develop uniformly and symmetrically; their maxima occur on the 
bisecting lines of the wall channels at an angle il>M = ± 25o in 
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the center. A more detailed evaluation of these field measure-
ments is underway; more detailed results are presented in /23/. 
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7. DESCRIPTION OF THE BUNDLE GEOMETRY 
The bundle geometry is crucial for the velocity and temperature 
fields. Deviations from the ideal bundle geometry give rise to 
Variations of these fields. Relevant studies were made earlier 
in connection with a 19-rod bundle experiment with sodium 
flow /6/. Therefore 1 geometry control by rod posi tion sensors 
had been envisaged for the TEGENA experiment /13/. Such a device 
for measurement of the rod positions during test operation was 
designed but not materialized later for lack of time. The 
effects of assumed eccentric bundle posi tions in the reetangu-
lar channel on the mean subchannel temperatures were estimated 
in a global calculation /24/ (Fig. 78). It is visible from the 
diagram that e.g. in case of a supposed uniform displacement of 
the bundle by 0. 3 mm mean temperature differences are produced 
of about 5 K in opposi te wall channels. In this case 1 mean 
temperature differences of about 3 K result in adjacent corner 
channels. 
The channel segments 
after fabrication; 




the reetangular channel 




i.e. ±0.08 mm. After completion of the test 






measured. The major 
After the TEGENA 1 test series a maximum increase in the 
channel depth between 0.1 and 0.2 mm was measured for the two 
top channel segments around the flange in the center of the 
channel; otherwise the increases in channel depth T and in 
channel width B amounted to 0.01 and 0.03 mm. 
Following the TEGENA 2 test 
channel depth T were found 
ment of ±0.01 mm. 
series no further changes in the 
wi thin the accuracy of measure-
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The heater rods are posi tioned in the reetangular channel by 
cylindric spacer pins. The tolerances of installation between 
spacers and heater rods are ±0.05 mm. The heater rod diameters 
were measured tobe 25.02 ±0.01 mm; verification measurements 
performed after disassembly did not show any changes. Using 
calibration pins .the narrowest gaps at the main plane of meas-
urement ME6 (MP6) were measured in the cold condition by means 
of measuring probes. Gap widths between 3. 60 and 3. 84 mm were 
obtained; the nominal value is 3.70 mm. 
During disassembly of the test section after the TEGENA 2 test 
series a total of 78 measured values were available for the 
suporting plane, with 80% of the gap widths between 3.55 and 
3. 75 mm and 20% between 3.50 and 3.90 mm. Similar values were 
measured between the supporting planes with the open bundle on a 
plane surface. The data above are valid for the bundle geometry 
in the cold condition. 
No exact information can be provided about the bundle geometry 
in the hot condition during testing operation. On the basis of 
the results measured in the cold condition only estimating 
assumptions can be made. The experiments provide indications to 
the effect that the rods, dependent on the radial heat fluxes 
imposed, have adopted slightly different positions in the reet-
angular channel. It can be assumed that the irregulari ties in 
the layout of the heater rods (cf. Annex A1.5) are the under-
lying causes. Wi th the heating power remaining unchanged, the 
measured results were always reproducible. 
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8. ACCURACIES OF MEASUREMENT 
The problems connected with the exact description of the bundle 
geometry in the hot condition Were dealt with in Chapter 7. The 
uniformity of heat production on the heater rod surface can only 
be estimated. It is evident from pictures taken of the hot rod 
surfaces that under condi tions of uniform cooling inhomogen-
eities of about 5% occur in the heat flux. Cross-sectional 
measurements of a heater rod roughly confirm this value if 
azimuthal heat balancing in the heater rod cladding and electric 
insulation are taken into account. In the bundle assembly non-
uniform cooling is imposed on tbe heater rods on their peri-
meters which leads to a corresponding variation of the heat flux 
density on the perimeter. 
Some measurement accuracies will be indicated below: 
relative measurement accuracy of the 
data acquisition system 
· reference temperature (PT3, PT2) 
· wall temperature (relative) 
· fluid temperatures (relative) 
· accuracy of mechanical probe setting 
local coordinates of the 
measuring probes 
· thermocouple centerline distance 
of probe S1 
thermocouple centerline distance 
of probe S2 
thermocouple centerline distance 
of probe P1 
thermocouple centerline distance 
of probe P2 
<0.1 K ( < 4 J.lV) 
+ 0.2 K (calibration 
error) 
+ 0.4 K (not correc-
ted) 
+ 0.05 K (corrected) 
+ 0.02 mm (cold) 
+ 0.2 mm (digital 
display) 
1 .96 (no verifying 
measurement) 
1.83+0.03mm 
- 0.01 mm 
2.05 + 0.04 mm 
2.65 + 0.09 mm 
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9. APPLICATION OF THE TEST RESULTS 
The TEGENA experiments have provided a weal th of measurement 
data on temperature distributions together with the related 
temperature fluctuations in non-circular liquid metal cooled 
flow channels. The results of measurement apply to the special 
geometry P/D = W/D = 1 .147. Various flow conditions (Re, Pe) and 
types of heating (uniform load and several cases of flux 
tilting) have been investigated. Major boundary conditions such 
as the distribution of flow upstream of the rod bundle and the 
temperature distribution in the surrounding structures were 
determined experimentally. By use of two similar systems of 
measurement allowing to adjust the measuring probes and wi th 
several probe sensors per measuring probe as well as by a great 
number of repeti tion measurements the resul ts of measurement 
have been well validated. 
The results of measurement serve for recalculations by suitable 
computer codes and for verification of the latter codes. Such 
computer codes should first be validated on the basis of hy-
draulic experiments (e.g. /7, 14, 15/) because the distribution 
of flow in systems with coupled subchannels essentially deter-
mines the temperature fields. 
Further analyses of the experimental data furnished combined 
wi th accompanying computations are recommended. Possibly, the 
velocity fields determined from transit time measurements /16/, 
together with the temperature fields presented here, will yield 
further interesting findings and supplementing interpretations. 
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10. SUMMARY 
The precise knowledge of the velocity and temperature distribu-
tions is a requirement in fuel element design (rod bundle with 
longitudinal flow), especially in the non-uniformly cooled 
bundle zones. In. the calculations the currently normally used 
global codes ( subchannel analysis) are necessary whereas, in 
addi tion, the detail codes are required in fine analysis. The 
thermal hydraulics computer codes presently being developed 
have to be verified experimentally. For this purpose, the 
distribution of the mean fluid temperatures and the related RMS 
values of the temperature fluctuations were measured in a heated 
4-rod bundle arranged in a row (P/D = W/D = 1 .147) with sodium 
cooling (Pr ~ 0.005). The temperature distributions in the 
structures were likewise measured because they are a necessary 
boundary condition. 
In this report the whole layout of the experiment tagether with 
the test bench, the TEGENA test section and the measuring device 
have been described. TEGENA (!emperaturen und ~eschwindigkeiten 
in !::!_atriumströmung) is a German acronym for "temperatures and 
velocities in sodium flow." Preliminary tests as well as results 
of flow distribution and component testing are described. In a 
summari z ing represen ta tion the maj or 
two rather large test series, TEGENA 
played, described and discussed. The 
characteristic resul ts of 
and TEGENA 
experiments 
isothermal experiments performed under conditions 
load and flux tilting in different flow regimes. 
2, are dis-
invol ved are 
of uniform 
The characteristic features of the TEGENA experiments are: 
mobile miniature measuring probes wi th four or fi ve thermo-
couples each; 
dedicated adjustment devices for these probes; 
high-performance heater rods with great dimensions. 
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The test parameters were varied within the following limits: 
Reynolds number 
Peclet number 
mean flow velocity 
heat flux densi~ies 
electric power of the bundle 
sodium temperatures 
coolant heating in the bundle 
temperature gradients in the fluid 
· temperature fluctuations in the 
fluid (RMS) 















0 I 1 I 2 I 3 
The following results were obtained in the measurements: 
761000 
440 






2. 5 K 
and 4 
The velocity distribution in the reetangular flow development 
channel ahead of the 4-rod bundle is symmetric. 
The performance of the heater rods was demonstrated under 
aggravated operating conditions (heat flux density: 90 W/cm2 1 
sodium temperatures 350/525°C). The inhomogeneity of heat 
release under uniform cooling was estimated experimentally at 
about 5%. 
The performance of the probe adjustment devices was demon-
strated inter alia by the measurement of the sodium velocities 
in the open reetangular channel. The potential of the meas-
uring accuracy of the miniature permanent magnet probes used 
is comparable with that of conventional Pitot probes. 
· By regular isothermal measurements all temperature sensors 
were controlled and some of them calibrated. The rate of 
failure was less than 3%. The relative accuracy of the data 
acquisition systemwas better than 0.1 K. 
The length of thermal development of the sodium flow is a 
function of heating (uniform load 1 flux tilting) and a func-
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tion of the flow condition (Reynolds number 1 Peclet number). 
Uniform load 1 Re < 601000: the flow has largely developed 
thermally after 200 hydraulic diameters. 
Flux tiling 1 Re~ 60 1000: the flow has not developed thermally 
after 200 hydraulic diameters. 
After a heated length of about 200 hydraulic diameters the 
measured temperature profiles in the sodium flow exhibit 
pronounced maxima in the narrowest gaps of the subchannels and 
pronounced minima in the subchannel centers on the unheated 
wall. 
The RMS profiles of the temperature fluctuations measured 
parallel to the mean fluid temperatures (order of magnitude of 
RMS values K) exhibi t maxima in the zones of the maximum 
spatial temperature gradients and minima where the temperature 
gradients disappear. 
· In both test series (TEGENA and TEGENA 2) equal or compar-
able results were obtained with the two measuring probes 
(S1/S2 and P1/P2). With different measuring probes identical 
temperature and RMS profiles were measured on the same measur-
ing traverses. The measurements were always well reproducible 
under comparable operating conditions. 
Irregularities in the heater rod positioning in the reetangu-
lar channel 1 during heat release on the heater rod surfaces 
and upon li ttle changes wi th time of the steady-state oper-
ating condi tion 1 exert an inf luence on the measured temper-
ature profiles. An exact quantification of these variables 
cannot be made which has to be taken into account in the 
interpretation of some results. 
· It might be that at low Reynolds numbers (Re ~ 1 6 1 000) the 
observed temperature irregularities are caused by mixing 
convection. This open question can be clarified solely in 
further studies. 
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The TEGENA experiments allow to make available extensive and 
validated measured data for verification of suitable computer 
codes. Using such verified computer codes one could improve the 
thermal hydraulic design of the non-uniformly cooled bundle 
zones of liquid metal cooled rod bundles. 
It should be said in conclusion that parallel to the thermal 
experiments transit time measurements were performed within the 
TEGENA 2 test series. Evaluating these experiments one can 
determine velocity distributions, and combined with the temper-
ature distributions this will provide supplementary information. 
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side walls of the reetangular channel 
width of the reetangular channel 
coordinate of the reetangular channel 
perimeter 
diameter of the heater rods 
hydraulic diameter of the reetangular 
channel (=4FC/U) 
mean hydraulic diameter of the bundle 
(=4·FB/U) 
coolant heating up to ME6 (DT=TNO-TEN) 
coolant heating up to MP6 (DTC=TBO-TBI) 
free flow cross-section in the bundle 
free flow cross-section of the reet-
angular channel 
heater rod (H1=heater rod no. 1) 
length of the reetangular channel up-
stream of the bundle 
heated length of the rods 
normalized heated length 
measuring plane in the bundle cross-
section (ME1=measuring plane no. 1) 
mass flow rate of the coolant 
bundle power 
rod pitch 
normalized rod pitch to diameter ratio 
Peclet number (=RE·PR) 
Prandtl number 
platimum resistance thermometers 
nos. 2, 3 (temperature) 
S1 ,S2(P1 ,P2)* measuring probes nos. 1, 2 




corner radius of the reetangular channel 
Reynolds number (=UB·DH/ ) 
root mean square of the temperature 








[ mm 2 ] 




































depth of the reetangular channel 
sodium outlet temperature (measuring 
chamber) 
sodium inlet temperature (TEGENA 2,MPO) 
Temperaturen und Geschwindigkeiten in 
Natrium (German acronym for temperatures 
and velocities in sodium) 
sodium temperature at the bundle inlet 
mean bundle temperature = O.S(TEN+TNO) 
bundle temperature at the measuring 
plane ME6(MP6)* 
thermocouple 
reference temperature = 0.5(PT3+PT2) 
local temperature difference (temper-
ature Variation) on the perimeter of 
the reetangular channel 
normalized local temperature difference 
maximum azimuthal temperature difference 
flow velocity (water, sodium) 
wetted perimeter in the flow cross-
section in the bundle 
mean sodium velocity in the bundle 
mean flow velocity in the reetangular 
channel 
distance of heater rods from the wall 
normalized distance from the wall 
X coordinate of the·thermocouple axis 




















[ m2 I s] 
* The denotations in brackets apply to the TEGENA 2 test series. 
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TABLE 1 Technieal Data of the TEG ENA Test Seetion 
Heater rods 
-Rod diameter: 
-Wall thickness of the rod eladding: 
- Thiekness of the BN layer: 
- Thiekness of the current 
eonduetor hel ical strip: 
-Diameter of the MgO eore: 
Reetangular ehannel with rod bundle 
- Channel width: 
- Channel depth: 
-Corner radius: 
- Mean hydrauli.e diameter of the 
bundle: 
- Free flow section in the bundle: 
-Wall thickness of the reetangular ehannel: 
- Pitch to diameter ratio of the rod: 
-Wall distance to diameter ratio: 
- Length of the reetangular ehannel 
D = 25.02 mm 





118.5 + 0.05 mm 
32.4 + 0.05 mm 
RC = 5 mm 
DH = 12.21 mm ( = 4 X FB/U) 
FB = 1854.44 mm 
6mm 
P/D = 1.147 
W/D = 1.147 
upstream of the bundle: LC = 2064 mm 
- Non-heated rod length: LK = 1288 mm ( = 1 OS x DH) 
-Heatedrodlength: ME1 (MP1): LH = 18Smm(= 1SxDH) 
ME2 (MP2): LH = 735 mm ( = 60 x DH) 
ME3(MP3): LH = 128Smm(= 10SxDH) 
ME4(MP4): LH = 183Smm(= 150xDH) 
MES (MPS): LH = 2385 mm ( = 195 x DH) 
ME6 (MP6): LH = 2456 mm ( = 201 x DH) 
TABLE 2 














Linear equations used for correction 
of probe thermocouple signals 
TEGENA 1 
A B Probe S2 
-0.01723 + 3.381 TE 21 
-0.01589 + 3.340 TE 22 
-0.01755 + 3.509 TE 23 
-0.01833 + 3.635 TE 24 
+ 0.00894 -1.046 
+ 0.00237 + 3.268 
TEGENA 2 
A B Probe P2 
-0.00266 + 1.19990 TC 21 
-0.00631 + 1.43781 TC 22 
-0.00211 + 0.31780 TC 23 
-0.00305 + 1.01600 TC 24 
-0.00243 + 1.02437 TC 25 
Linear equation: Y = A·X + B 
A B 
-0.01114 + 3.544 
-0.01373 + 3.895 
-0.01294 + 3.778 
-0.01533 + 4.054 
A B 
+ 0.00866 -0.18800 
+ 0.00754 +0.12422 





W 03 A 120 
W 03 A 130 
W 03 A 140 
W03A150 
W 03 A 160 
W OS A 075 
(EXP.1) 
W 05 B 075 
(EXP.2) 
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Wall temperatures at different Re-numbers, 
TEGENA 1, main parameters 
HEATED TEN DT 
+ + + + FIG. (C) (K) RE PE 1 2 3 4 
+ + + + 20 257 97 23800 139 
+ + + + 266 95 37600 217 
+ + + + 267 93 48900 282 
+ + + + 271 95 62200 356 
+ + + + 270 93 76100 437 
+ + + + 21 255 72 30700 184 
260 71 46800 279 
264 72 63100 374 
264 71 79700 472 
+ + + + 22 252 72 30400 184 
262 71 47600 283 
265 71 63900 377 
268 72 80200 471 
UB NB QH 
(m/s) (kW) (W/cm2) 
0.76 159 20 
1.18 241 31 
1.53 308 39 
1.93 394 50 
2.37 475 60 
1.00 159 20 
1.52 236 30 
2.03 316 40 
2.57 394 50 
1.00 157 20 
1.54 239 30 
2.05 316 40 










Wall temperatures at different Re-numbers, 
TEGENA 2, main parameters 
HEATED TBI DTC 
+ + + + FIG. (C) (K) RE PE 1 2 3 4 
+ + + + 24,25 312 97.1 68100 366 
+ + + + 24,25 296 78.2 32400 181 
+ + + + 24,25 293 81.8 16000 89 
+ + + + 288 88.3 8100 45 
+ + + + 280 117 3700 21 
Fluid temperature- and RMS-profiles, 















CODE Re Pe UB[m/s] QH [W/cm2] TBI [C] 
M 063 33100 184 
M 094 32400 181 
M 408 32700 181 
V-coordinates of X-traverses: 
Y11 =Y12=29.43mm 






















F 10 LWSA 
F 25 LWSA 
F 26 LWSA 







Wall temperatures with different heating 
TEGENA 1/2, main parameters 
TEGENA 1 
HEATED TEN DT 
+ + + + FIG. (C) (K) RE PE 1 2 3 4 
+ - - + 46 298 6.8 60900 359 
+ - - - 47 298 7.0 60500 357 
+ - - - 48 298 14.1 30300 178 
+ - - - 49 296 13.8 15300 90 
TEGENA 2 
HEATED TBI DTC 
+ + + + FIG. (C) (K) Re Pe 1 2 3 4 
+ + + + 50 296 78.2 32400 
+ - + + 51 318 59.0 33500 
+ - - + 52 334 40.7 33300 
- + + - 53 334 41.8 33000 
UB NB QH 
(m/s) (kW) (W/cm2) 
1.95 29 7.4 
1.94 30 15.0 
1.57 29 15.0 
0.49 15 7.4 
UB NB QH 
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(COLD CONOUCTOR) 
MEASURING CHAMBER 
MEASURING DEVICE FLUID TEMP 
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HE/'.TER ROD :=:; ES ~-~-·--h-l~~---~ 








MEASURING LEVEL ~~ 
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J CLADDI~G \ \\ 
CONDUCTOR 
BN INSULA TION\ 
~ MgO CORE\ 
I 
RADIATION HEATER 
FIG. 1 TEGENA - TEST SECTION 
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Upper end of the test section Heater rods and channel segments 
Reetangular channel Measuring chamber 
PHOTO OF THE TEGENA TEST ECTION 
= r-
/37 I 33~ 
• 
HOLDING DEVICE 
( ",~ ) 
-J./ m ~1.6x0.1 
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\ -ffi-. I 






(T) p ' II . ' ' VL l X 3.7 .... : .. ~.7- l ~ _ ..... 




DIM[mm] a d (1-4) 
PROEIE Pl 2.05 0.36 
PROBE P2 2.65 il.37 
1
/ 451 T~21' \ 
- ~ \ 
{ 4--rc 25 ) 
\ -$- $-/ 
\ .. ._!C 24 TC 9/ 
..._ _.,. 
d (5) s DP 
0.36 8.1 1.8 
0.24 8.0 2.0 
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RE = 50100 OH1 = 0 CW/CWZ) TEN = 30Z. 39CD 
PE =294.91 OHZ = 0 CW/CWZ) TA5 = 303.7 CD 
M5 =Z.61 CKG/5) CH3= 0 CW/CWZ) PT3 = 300. 2 OEG C 
UB = 1. 6 CM/5) OH4 = 0 CW/CW2) PTZ = 301 OEG C 
F I C. 14- TECENA 1 WALL TEMPERATURE 
ISOTHERMAL EXP AT 300CC) 
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17: OB: 32 JUN 10. 1987 M0 58. DAT + MP4 
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FIG. 16 TEGEI~.A 2 
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[T) ~~- J 
gj I I I I I I I I I 
0. 50. 100. 150. 200. 250. 300. 350. 
CHANNEL PERIMETER [mm] 
12J MPi 
UB[m/s] Re e9 MP2 
OB: ~5: 49 JUL09, 1987 f',29B.OAT 3.87 120000 & MP3 
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08:07: 20 JUL09, 1987 M296.DAT 0.97 30000 X MP5 
CO 
(.U 
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~ u~=I=R=B==== 
FIG. 17 TEGENA 2 - WALL TEMPERATURES 
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3 ME3 * MEO * HE3 
4 ME4 * MEl * M,-A t:,.,. 
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r· : : 
EXP. W 03 A 12 0 ... 160 
(I 
/ ox"" 1 Q[W/cm2] = 20 Re= 23800 Pe = 139 .. 
30 37600 217 0 
40 48900 282 X 
50 62200 356 l> 
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DEVELOPEMENT OF THE TEMPERATURE FIELD 
TBI =311.7 C 
DTC =97.1 K 
UB =1. 97 m/s 
Re =681-43 
Pe = '366 
-88-
QH1 =51.5 W/cm~2 
QH2 =51.Ll W/cmA2 
QH3 =51.i W/cmA2 
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FJG.26 NORMALIZED LOCAL TEMPERA TURE' DIFFERENCES 









































0 4 8 12 
Y2 (tv\tv\) 
,-- ~-- l 
16 20 24 
F04Q12A.DAT 
F04Q 12.~- DA T Yk)(~081 ~x 
RE = 60400 
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QH4 =50. 59 CW/CW2) 
NB = 394. 56CKW) 
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F I G. 27 TEGENA 1 FLUID TEMPERATURE 









































16 20 24 
F04Q12B.OAT 
F04Q12B.DAT Yk~000l_x 
RE = 60100 
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FIG.28 TEGENA 1 FLUID TEMPERATURE 
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XJ1 =31.55 ITIITI 
X12 =29.51 ITIITI 
TBI =304.7 C 
TBO =40 1 . 3 C 
['] TC11 







QH1 ~50 ~2 W/cm"2 NB ~399.1 kW 
QH2 ~50.68 W/cm"2 MFR ~3.13 kg/s 
QH3 =50.37 W/cm"2 DTC =95.5 K 



























I>( jDIRAj ~ ~~~~--,--~ + oO 0 




0 1987 M332. DAT rrfRvz --:; :: ~: :::o 198'-_"33';_~'1 = c~ - =[liljl)l; !RB 
-· ~ ----. ---= - ~ --





































X11 =31.56 mm 
Y.l2 =29.51 mm 
TBI =307.8 C 








QHl ~51.04 N/cm"2 
QH2 ~50.87 W/cm"2 
QH3 ~50.57 W/cm"2 
QH4 =50.89 W/cm"2 
IJB ~400.7 f.W Re 
MFR =3. 15 kg/s Pe 
OTC =96.5 K 
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X21 =86.56 mm QH1 =50.8 W/cm"2 NB =399. 1 kW Re =66569 
X22 =89.21 mm QH2 =50.7 W/cm"2 MFR =3 .13 kg/s Pe =361. 0 
TBI =304.7 C QH3 =50.4 W/cm"2 DTC =96.6 K 
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TBI =311. 7 C 
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QH2 •51.4 W/cm"2 MFR •3.16 kg/s Pe =365.8 
QH3 •51.1 W/cm"2 DTC •97.1 K 
QH4 •51.4 W/cm"2 UB •1.97 m/s 











~j ,.~ V . ytx ~ ~ I II I 11 1 1 ~ 1 i Jl 1 1 i 1~ t 
5. 15. 25. 35. 45. 55. 65. 75. 
X-POSITION [mm] 
i 7: 25: i 7 JULiO. 1987 M336. OAT 
17:25:17 JUUO. 1987 M336.DAT •======= 
FIG.35 TEGENA 2 - FLUID TEMPERATURES 















w r- . 















Y21 •3. 14 mm 
Y24 •.48 mm 
TBI ·311.7 C 









QHi •51.5 W/cm"2 NB •404.6 kW Re •58143 
QH2 •51.4 W/cm"2 MFR •3.16 kg/s Pe •365.8 
QH3 •51.1 W/cm"2 DTC •97.1 K 



























40. 50. 60. 70. 80. 90. 100. il.O. 
X-POSITION [mm] 
17:25: i.7 JUUO, 1987 M336.DAT 
17:25: i7 JUUO, 1987 M336.0AT A======= 
L}0.[j [M IRB 
F I G. 36 TEGENA 2 - FLUID TEMPERATURES 
PROBE 2 RMS VALUES 
CD 
()1 
X11 =31.65 mm QH1 =10.8 W/cm"2 NB =84.6 kW Re =16322 
X12 =29.60 mm QH2 =10.7 W/cm"2 MFR =.79 kg/s Pe =90.9 
TBI =294.9 C QH3 =10.7 W/cm"2 DTC =80.4 K 
TBO =375.3 C QH4 =10.7 W/cm"2 UB =.49 m/s 
I2J TCii X TC14 











U" ru ~"' 
..,..., :::.::: D_rJ 0 ~ 
" ru 
"' o_ w 
2:: :::J 
w _j 
1- . <( 

















"' 5. 9. 13. 17. 21. 25. 29. 33. 
Y-PDSITION [mml 
15:36:48 JUN22, 1987 M104.DAT 
15:36: ~B JUN22. 1987 Mi04.0AT ~ 
======================~====== 
FIG. 37 TEGENA 2 
I PROBE 11 
FLUID TEMPERATURES 
RMS VALUES 
X21 =86.53 mm QHi =10.8 W/cm"2 NB =8~.6 kW Re =16322 
X22 =89. iB mm QH2 =10.7 W/cm"2 MFR =.79 kg/s Pe =90.9 
T8I =294.9 C QH3 =10.7 W/cm"2 DTC =80.4 K 
TBD =375.3 C QH4 =10.7 W/cm"2 UB =.49 m/s 
12J TC21 X TC24 
y b:-;)0!8[ ~X (9 TC22 ~ TC23 b RMS21 4' RMS24 + RMS22 ::X: RMS23 
~J I I ~~ 
~~ ,;Y I ~ ~~ 
~u:i~ U" ~"' ;;:// " \ ~~ 
C\J ~ /!) :::.::: D_rJ 0 " ru 
"' o_ w 
2:: :::J 
w _j 
1- . <( 








i :J ~~~ I I [~ 
0. 4. B. 12. 16. 20. 24. 28. 
Y-PDSITIDN [mm] 
15:36: 4B JUN22, 19B7 M104.0AT 
15:36:48 JUN22, 1987 Mi04.DAT A======= 
~l}S IRB 
FIG. 38 TEGENA 2 





Y11 ~29.43 mm QH1 =10.8 W/cm"2 NB =84.4 kW Re =15958 
Yi4 =31.48 mm QH2 =10.7 W/cm"2 MFR =.78 kg/s Pe =89.0 
TBI •293.3 C QH3 •10.7 W/cm"2 DTC =81.8 K 
TBO =375.1 C QH4 ~10.7 W/cm"2 UB -.48 m/s 
[!] TCH X TCi2 
Yb0001 ,;x 
(') TC14 ~ TC13 
A RMS11 + RMS12 




0 .". ,..... 
.,; (T) 
~o li) 
U" C\1 ~(T) 






0.. w :z:: :::::> 
w _j 
1- . <( 








...; I u:: tn (T) 
<(> !>( 
X + 
8 + EJc:;; <(I 
li) <=! (T) 
5. 15. 25. 35. 45. 55. 65. 75. 
X-POSITION [mm] 
10: 31: 07 JUN15, 1987 M080 .iJAT 
10:31:07 JUNiS, 1987 M080.0AT ~======= 
~~ IRB 




Y21 =3.12 mm QHi =10.8 W/cm"2 NB =84.4 kW Re =15958 
Y24 =.46 mm QH2 =10.7 W/cm"2 MFR =.78 kg/s Pe ~89.0 
TBI =293.3 C QH3 =10.7 W/cm·2 DTC =Bi. 8 K 
TBO =375.1 C QH4 =10.7 W/cm"2 UB =.48 m/s 
!!l TC2i X TC22 
















<( 1- . 








10: 31: 07 JUN15, 1987 MOSO .DAT 
10:31:07 JUNiS, 1987 MOBO.OAT ~======= 
tfulj~ IRB 






CURVE CODE Re Pe 
1 M 102 32000 179 
2 M 104 16300 91 
3 M 106 8100 45 
-
-98-






























5. 9. 13. 17. 21. 25. 29. 33. 
Y -POSITION [mm] 
FIG. 41 TEGENA 2 - FLUID TEMPERA TURES 








~~ i ~~~ ~ ~~v fl \ 
w .l 
f- ~J ' 
0 (T) i 
H 
::J· 
_j ·1 LL~~ 
~~ I 
~ ~ . 
El ~ ,I ' I ' I 
5. i5. 25. 35. .<15. 55. 65. 75. 
X-POSITION [mm] 
08: 05: 43 JUN22. 1987 M094.DAT 


























F I C. 4-2 T-G,-~ 1 A : L. L.' 2 - FLUID TEMPERATURES 






























I mh ">\ 




M I V 
















;ir \V~ ~Jl "V' ~: I ru 
(T) 1'e) ~  I r· 
X I . ;I I ~ 
~ . - + El~ ' ,I ' I ' I i ' I ' I I I, 1~ 8 
5. i5. 25. 35. .<15. 55. 65. 75. 
X-POSITION [mm] 
10: 22: 57 ·J:JU7, 1987 M408.DAT. 
08:05:43 JUN22. 1987 M094.DAT 
20: 29: 19 JUNJ.O, 1987 M063.DAT r:&rz._ ·1:<1~'-j.~J~.:::. IH3 
FIC.43 r=·s=-~,:~, L LI-..,;...., 2 - FLUID TEMPERATURES 
PROBE ~ TEMP FLUCTUATIO~S 
CO 
CO 












::>- ~ w. f-ru lD D(T) 
f----4 































~,_--~-,--~--.-~---,-L~-,---r--,-~---.~.-~-- L ~ 0 
40. 50. 60. 70. 80. 90. 100. 110. 
10: 22: 57 
08:05:43 
20: 29: 19 
X-POSITION [mm] 
·JUli7. ~987 K408.DAT. 
JUN22. 1987 M094.DAT 
JUI=~i=0,=19=B=7 =M=06=3=.D=AT========:;nr,;%?====== ~fJ-S IRB 
FIG. 44 TEGENA 2 - FLUID TEMPERATURES 























~ g l (T)~-4--~~--.-~--.-~--.-~--,-~--~~--~-L 
40. 100. iiO. 50. 60. 70. 80. 90. 
X-POSITION [mm] 
:i.O: 22: 57 ·JJU7, 1987 K408.DAT. 


























20:29:19 JUNiO, 1987 M063.DAT ~======= 
FIG.45 TEGENA 2- FLUID TEMPERATURES 




0 HEO 3 ME3 
1 HEl 4 ME4 

































0 50 100 150 200 
FlOLWSA.DAT CL1$:0:~.~t 
RE -60900 
PE = 359.22 
MS = 3. 18 CKG/S) 
UB - 1. 95 CM/S) 
OHl • 7. 36 CW/CW2) 




OH4 •7. 42 CW/CW2) 
250 300 
CP CMtvD 
NB • 29. 05 CKW) 
TEN • 297. 9 lCC) 
TNO • 304. 75CC) 
TNM • 301. 33CC) 
350 
F I G. 46 TEGENA 1 WALL TEMPERATURE 
OUTER RODS HEATED DIR A 
0 MEO 3 HE3 .. HEO 
" ~1E3 
1 HEl 4 ME4 .. MEl .. ME4 




























0 50 100 150 200 
F25LWSA.DAT 
F25LWSB.DAT 
RE = 60500 
PE = 356. 85 
MS = 3. 16 CKG/S) 
UB = 1. 94 CM/S) 
CL1 $:0:~:cP. ~ 
OHl = 14.98 CW/CW2) 
DH2= 0 
OH3= 0 






NB = 29. 5 CKW) 
TEN = 298. 23CD 
TNO = 305. 22CD 
TNM = 301. 73CD 
350 
FIG.47 TEGENA 1 WALL TEMPERATURE 





0 NEO 3 ME3 
MEl 4 ME4 
5 ME5 
Q m~ T----ri /[ 8 
W~I,A I w 
g§ml4 \ j' g§ ~ ~ ~
<C I \ I <C 
5 ~ I \ I 5 ~: ~~ .~r ~ 





























N4-~--~--~-.--~~~~--~~--~--~~--~~ N ~--~--.-~---.--~--.---~--.-~---.--~--.---~-. 
0 50 100 150 200 250 300 350 
CP CMM) 
F26LWSA.OAT GLl~·.cp,cp;~t 
RE = 30300 
PE = 177.55 
QHl = 14.96 CW/CW2) NB = 29. 46 CKW) 
TEN = 297. 51CD 
TNO = 311. 58 CD 
TNM = 304. 54CD 
MS = 1. 57 CKG/S) 
UB - • 96 CM/S) 
QH2 = 0 
QH3 =0 
CJH4 = 0 
F I C. 4-8 TECENA 1 






0 50 100 150 200 
F24LWSA.OAT 
F24LWS8.0AT 
RE = 15300 
PE = 89. 94 
MS =. 8 CKG/S) 
UB = . 49 CM/S) 
Cl' r: L L~~00:0.t 
ClHl = 7. 44 CW/CW2) 
ClHZ = 0 
ClH3 = 0 








NB = 14.66 CKW) 
TEN = 295. 79CD 
TNO = 309. 59 CD 
TNM = 302. 69CD 
350 
FIC. 4-9 TECENA 1 WALL TEMPERATURE 
ROD 1 HEATED DIR A/8 (*) 
0 
rv 
TBI =296.0 C QH1 =20.8 W/cm~2 [I] MP1 
DTC =78.2 K QH2 =20.8 W/cm~2 C) MP2 
UB =.98 m/s QH3 =20.6 W/cm~2 6. MP3 
Re =32438 GH4 =20.8 W/cm~2 + MP4 
X MP5 
~l oL~~:~:~~ ~t 
-o ~ : [ xJ"><' "\ IMP5 
5:::?.~-J I - : j ' ..._ A. . ! 
~m~~· /'~ ~' 1 , ?-+" '\ MP4 
::::J" ' ' 
f- C'"") 't--f-1'" I 
<t: j I ! 
E5 . I ' /~ ! I MP3 
o..giA---S. ~ ! : 
LcrJl- ~ - i I 
w I . : I ~~J i i - -~~MP2 ~C'""JJ ~ -1 
_"_ I I I I ! 
g I ' ' \ ~ MP1 ~r-~----· __________ _J_ _ _J __ _ 
l.D 
W+-~~~~~~~~--~~~~~--~ 
ruo. 50. 100. 150. 200. 250. 300. 350. 
CHANNEL PERIMETER [mm] 
OB: 05: ~3 JUN22, 1987 ~1094.0AT 0.1il ========================~n~~~=I=RB======= 
FIC.SO TEGENA 2 - WALL TEMPERATURES 
CHANNEL PERIMERTER MP1/2/3/4/5 
TBI =318.2 C QH1 =21. 1 W/cm~2 [I] MP1 
DTC =59.0 K QH2 =.0 W/cm~2 C) MP2 
UB =.99 m/s QH3 =20.9 W/cm~2 6. MP3 





=~l O:o l 
::::J lDj" f-C'""J 













0. 50. 100. 150. 200. 250. 300. 350. 
CHANNEL PERIMETER [mm] 
JUL02, 1987 Mi98.0AT lfiRW======== 
':{j[M IRB 
13: 11: 05 
FIC.51 TEGENA 2 - WALL TEMPERATURES 
















K QH2 =.0 W/cm-2 
m/s QH3 =.1 W/cm-2 
QHL1 =21. 2 W/cm-2 
0 tJ ~:cp:cp:~~ 
~ 
~~---v----~~----------------~ 
m 1 1 T 
0. 50. 100. 150. 200. 250. 300. 350. 
CHANNEL PERIMETER [mm] 
15: 59: 57 JUL01, i987 M19D.OAT rwlFivz 
==========================~~~IR=B======= 
FIC.52 TEGENA 2 - WALL TEMPERATURES 
CHANNEL PERIMERTER MP1/2/3/~/5 
TBI =33.:1.3 C DTC =L11. 8 K 
UB =.96 m/s 
Re =33010 
~1 
QH1 =.0 W/cm-2 
QH2 =21.7 W/cm-2 
QH3 =21.5 W/cm-2 








u: j ~~l 









w ·I ~~~ 
: ull 
~~~ "~~ ~ 
lil 
~+-~~--~~~~~~~--~~~~~~~ 
0. 50. 100. 150. 200. 250. 300. 350. 
CHANNEL PERIMETER [mm] 
0 
.!>-
=======================~==~~lli=IR=B===== 12: 20: 38 JUN29, 1987 M168.DAT 
F I C. 53 TEGENA 2 - WALL TEMPERATURES 










































- Ul! I < 0 CTl4---r--.--,---.-~--~--~-,L--r--~-.--~o 
0 4 8 12 16 20 24 
F31Cll28. DAT 
F31Q12B.DAT 
RE = 30300 
PE = 178. 82 
MS = 1. 59 CKG/5) 
UB = • 97 CM/S) 
YZ CMM) 
l800~®1 
OH1 = 0 
OHZ = 0 
CW/CW2) 
CW/CW2) 
QH3 .. 0 C\UCW 2) 
I:IH4 = 7. 79 CW/CW2) 
NB = 15. 29 CKW) 
TEN = 296. 64CC) 
X21 = 86. 96 <MM) 
X22 = 88. 79 <MM) 




























































RE = 30100 
PE = 178. 18 
4 
M5 = 1. 58 CKG/5) 







I:IHl = 0 
I:IHZ = 0 
CW/CW2) 
CW/CW2) 
I:IH3 = 0 CW/CW2) 
I:IH4=7.58 CW/CW2) 
20 24 
NB = 14. 88 CKW) 
TEN = 296. 19CD 
X21 = 115. 78CMM) 
X22 = 117. 61 CMM) 




1 TE21 8 RMS22 4 TE24 
2 TE22 3 TE23 
A RMS2l 0 RMS24 
(\j 
(TJ (IJ 
d . ,..... u '-' 0 (\j (Tl l1'l N ~_3 . ln 
m 
D... 
- ~ ~ 2: (Tl w 
1-
CD 
0 ...... ~ ....... (Tl (Tl ::J 
f ~ ....J lL 1:'-...... (Tl ~ 
- ~J =-~~ l~ ~ ~ r\J DIR A---' I ' I ' I ' I 




RE -30300 CIHl= 0 CW/CW2) NB - 15. 27 CK\rl) 
PE - 179.07 CIH2-0 CW/CW2) TEN- 296. 68CC) 
MS = 1. 59 <KG/S) CIH3=0 CW/CW2) X21 = 101. 380-!M) 
UB -. 97 CM/S) CIH4=7. 78 CW/CW2) X22 = 103. Zl<MM) 




























w ~1 1-0 ,__, ::J ....J lL 
N 




RE = 30000 






MS = 1. 57 CKG/S) 
UB =. 96 CM/S) 





70 80 90 
X2 CMM) 
[00. __ 0_~1 




CIH3 = 0 CW/CW2) 




NB = 14.5 CK\rl) 
TEN = 296. 71 CD 
Y21 = 2. 71 CMM) 





















1 TE21 D RM524 2 TE22 
1 TE21 D RM524 2 TE22 
4 TE24 3 TE23 
4 TE24 3 TE23 
A RM521. B RM522 
A RM521 B RM522 
(11 
lfl N tD 







~ ~ ~j ~ - llll (11 ll1 (\j . (\j c.n c.n 
(11 ~ 
























c.n _j o--B 
c.n 
LL. 






.... N (11 
(11 
0 ~ CD 
-
- ~~ ili ~l (11 (11 .... ro -N m N 3 3 --: 3 3 m ~ ~ ' h 0 - K ;\ ·: n n 0 0 OJ - --.j 0 < < I I I I ' I I ' I I (11 0 
86 86.5 87 87.5 88 88.5 89 89.5 
115 115. 5 116 116. 5 117 117.5 118 118.5 
xz CMM) xz CMM) 
F32L43A.DAT 
F38LW4A.DAT l80(~)®j F32l43A. DAT !800®1 F38LW4A.OAT 
RE =30200 · OHl = 0 CW/CWZ) NB = 14. 98 CKW) 
RE =30400 OHl = 0 CW/CWZ) NB • 15. 44 CKW) 
PE = 178.43 OHZ=O CW/CW2) TEN = 296. 39CC) 
PE = 179. 55 OHZ = 0 CW/CW2) TEN = 296. 32CC) 
M5 = 1. 58 CKG/5) OH3 =0 CW/CW2) Y21 = 17. 11 CMM) 
M5 = 1. 59 CKG/5) OH3=0 CW/CW2) Y21 = 1 7. 11 CMM) 
UD =. 97 CM/5) OH4=7. 63 CW/CW2) Y24 = 15. 28 <MfO 
ua =. 98 CM/5) OH4=7.86 CW/CW2) Y24 = 15. 28 CMM) 
F I G. 58 TEGENA 1 FLUID TEMPERATURE FIG. 59 TEGEN/\ 1 FLUID TEMPERATURE 
DIR A DIR A 
TE21 2 TE22 4 TE24 1 TE21 2 TE22 ~. TE24 
3 TE23 9 RMS22 D RMS24 3 TE23 B RMS22 0 RNS24 
A RMS21 A RMS21 
<D -. <D -. 
...... C\i ~]1 (l) ~ r-C\1 ,...., ,-.. u 2..~ u ,-.. -. '-' ~ ...... '2._, -"-(l) C\1 I-C\1 
(\J (\J 
(J) (J) 
C\1 (() C\1 <D 
Q._ ...... 0... ...... (l) ...... (l) ...... 
:::'E :::'E 
w ,....., w ,...., 
1- ~ 1- ~ 
0 C\1 '-/ 0 C\1 '-' 
0 ...... 0 ...... 
,__.. (l) ~- ,__.. (l) .... 
::J 
'4 
(J) ::J (J) 
_j :::'E _j :::'E 
LL CD 0:: LL 0:: 
0 CD g;l CD 
(l) (l) 
<D g1 ~··-~ - 0 I -. :;;t [ -. (l) i\J -0 C\1 9 - 0 ~ J)JRA- CD (l) (!) CO -. - g 1. ' ' :- ~IR J3 ' , ' I 0 < .... < (l) 0 I 
12 14 16 18 20 22 24 12 14 16 18 20 22 24 
RAD I US R CMM) RAD I US R CMM) 
F33043A.DAT F33043B.DAT 
F33043A.DAT l000~] F33043B.DAT 100001. F33043A.DAT F33043B.OAT 
1< 
RE =30500 OHl = 0 (W/CW2) NB = 15. 47 <KW) RE -30100 OHl = 0 C\UCW2) NB = 15. 17 CK\ü 
PE • 180. 13 QH2 = 0 (11//CW2) TEN = 296. 6 <D PE •177. 9 OH2 = 0 CW/CW2) TEN = 296. 31CD 
MS - 1. 6 <KG/S) QH3 = 0 OI/CW2) A22 -44. 97 <DEG) MS = 1. 58 <KG/S) QH3= 0 CW/CW2) A22 -45. 44 <DEG) 
UB •. 98 CM/S) QH4•7.88 CW/CW2) A21 -48. 51 <DEG) UB •. 97 CM/S) OH4 •7. 73 CW/CW2) A21 -so. 44 CDEG) 
F I G. 60 TEGENA 1 FLUID TEMPERATURE FIG. 61 TEGE~L~ 1 FLUID TEMPERATURE 
[,DIR_ Aj I DIR_l3] 
2 TE22 D RMS24 1 TE21 3 TE23 2 TE22 D RMS24 1 TE21 3 TE23 
4 TE24 
" 
RMS21 4 TE24 A RMS21 
8 RMS22 8 RMS22 
~ ...... ~ 
N N 
(Tl ~ C'.i ;n rN r-- " u u '-" \ '--' 0 N \ (Tl N "i f-N N N (f) (f) 
Ol (() Ol (() 
Q_ ...... Q_ ..... 
2: 
(Tl ~ 2: (Tl ..... 
w r-- w 
" 1- ::s:: 1- X 
CD N '-" ID N '-' 
0 ...... 0 ...... 
,__.. (Tl ...... ...... (Tl 
-
:J (f) :J (f) 
....J 2: ....J 2: 
LL [' IX LL [' IX 
..... ID ml CD (Tl DIRA~ DIR B 
(() (() 
-
...... ~ r;; ~1~ 'A-A
1 
~.ij ~ ij'!j; ~ 1, r~ (Y) (Tl . - - - - ~ - < ...... < 0 ~ ~ CD - k .•. !?. q, ~.  D D N lf) ro N lo äi ..... .. (Tl 0 I I I I 
12 14 16 18 20 22 24 12 14 16 18 20 22 24 
RAD I US R CMM) RAD I US R CMM) 
F36044A.DAT I0000JR F36044B.DAT 1000szfR F36044A. OJI.T F36044B.OAT F36044A.DAT F36044B.DAT 
RE = 30400 OH1= 0 CW/CW2) NB = 15. 1 CKW) RE =30200 IJHl = 0 CW/Ct.-l-2) NB R 14. 97 CK\ü 
PE = 179.6 QH2= 0 CW/CW2) TEN = 296. 21CC) PE = 178.67 OH2=0 CW/CW2) TEN = 296. 24CD 
MS = 1. 59 CKG/S) OH3=0 CW/CW2) A21 = 44. 72 <DEG) MS = 1. 58 <KG/S) QH3=0 CW/CW2) A21 = 45. 07 <OEG) 
UB =. 98 CM/S) QH4=7. 69 CW/CW2) A22 = 48. 66 <OEG) UB =. 97 CM/S) QH4= 7. 63 CW/CW2) A22 = 50. 14 <OEG) 
F I G. 62 TEGENA 1 FLUID TEMPERATURE F I G. 63 TEGENA 1 FLUID TEMPERATURE 

















~-1 I N I 
(j) OJL/i/ ~N t~ Q 
r~ ; 





§ ~ l' 
~ :1 
N 
* (Tl \I . /-~~: f: 8 . 
~ ~ i DIR B- -:DJR A ! J>!R:B- --:biRA r 
~ I I 






-60 -30 0 30 60 90 
ANGLE A COEG) 






RE = 30400 CIHl = 0 CW/D-1 22) NB = 29. 32 <KW) 
PE =177.41 
MS = 1. 57 <KG/S) 
UB =. 96 CM/S) 
CIH2= 0 
CIH3 = 0 
(W/CW2) TEN = 299. 42<D 
(W/CW2) I R22 = 13.04 <Mt-1) I 
CIH4=14.93 OI/CW2) R24 = 14. 98 <MM) 
FIG. 64- TEGEN,~ 1 FLUID TEMPERATURE 
























:J . / I l~ Q CTlLd N '-' 
~ 
::J I I (j) 
~ 1 ~ 2: 
LL~~ fiOJO::: (T]J . 
~I • ~":~ ~ rDJRB-: ~DJRA i DJ~ll7" .~lli~A ~ D i -! ! N 





RE = 30800 
PE = 180. 34 
MS = 1. 59 <KG/S) 
UB =. 98 CM/S) 
ANGLE A COEG) 
18-0~ 
-A~+A 
CIHl = 0 CW/CJ-.i'"0 2) NB = 30. 42 <KW) 
CIH2=0 
CIH3 = 0 
(W/CW2) TEN = 298. 75([) 
CW/CW2) I R22 = 13. 51 (MM) l 
CIH4 = 15. 49 CW/CW2) R24 = 15. 45 <MM) 
F I G. 65 TEGENA 1 FLUID TEMPERATURE 

















































MS = 1. 57 CKG/S) 
UB == • 96 CM/S) 
-111-
1 TE21 * TE22 * 
" 
RMS21 + RMS22 + 
R==13,5mm 



























ANGLE A COEG) 
80 
+A 
QH 1 = 0 CW /CM- 2) NB = 29. 32 CKW) 
QH2 = 0 <W /CM- 2) TEN = 299. 52([) 
QH3 = 0 
QH4 == 14. 93 CW /CM- 2) 
R22 = 13. 04 <MM) 
R21 = 13. 16 CHI~) 
F I G. 66 TEGENA SODIUM TEMPERATURES 
ONE ROD HEATED 
Y21 =3.14 mm 
Y24 =.48 mm 
TBI =296.0 C 









QH1 =20.8 W/cm·2 
QH2 =20.8 W/cm·2 
QH3 =20.6 W/cm·2 
QH4 =20.8 W/cm·2 
tY 
NB =163.5 kW Re =32438 
MFR =i. 58 kg/s Pe =180.7 
OTC =78.2 K 
UB =.98 m/s 
~~ I 1@®®®1 X ~~ 
'~---"'"··oo'"·-·"""·'--''"''~' >-- I 






' . ~C\1 
I 
t- ~ 
! :::.:::: I ~ 
L~ 
jC\1 
' w I :::::J 
r :;i 
AJ!J :m> 
"S· r_; I 
I..:J\ ! UJ ~'- I ::::;: 
'\_x ' o: 
~ I ~ 
----~05: -=-~---~U~2~~987 M094. DAT __l'vfi'funL_ _____ _ 
-------------·-----·-· - - --,~\1·:~ 
u\::j Li\~ IRB 
FIG.67 ~'Gr-1\.1 A i c ci-~A 2 - FLUID TEMPERATURES 















Y2i =3.07 mm 
Y24 =.41 mm 
TBI =317.2 C 










QHi =21.08 W/cm·2 NB =123.9 kW 
QH2 =-.05 W/cm·2 MFR =1.59 kg/s 
QH3 =20.88 W/cm·2 DTC =58.9 K 









'lD I . Im 
i 
i 





I :::X::: I~ 
I~ 

















ru---r·--- l T------, ---1---------.--------,-----.----- --r-------.-- I -,-'---.---,--t-0 <l 
40. 50. 60. 70. so. 90. 100. iiO. 
X-POSITION [mm] 
:::~::~= __ ._,:.:.,:~·=-~ :..?:.=·-
i3: 11: 05 JUL02. 1987 Mi98.DAT 
13: 1!: 05 JUL02. 1987 Mi98.0AT n~1 l)l~ [Jü;::=I=R=B===== 
F I G. 68 T!:::'Gc~· 1\ 'L Li~r-'. 
PROBE 2 










C\J • ; 










Y21 =3.13 mm 
Y24 =-~7 mm 
TBI =333.0 C 









lL g l .-__, t r'1~ ..... · ... 
' "-.· J V 
GHi =21.31 H/cm"2 NB =83.8 kH 
GH2 =-.05 W/cm"2 MFR =1.56 kg/s 
GH3 =.05 W/cm"2 DTC =40.7 K 






-'-'~,_;.y'--'-'~~ ' - .. 
-/ ... ~~ 
. . ,, y 


















' w I :::::> 
L _j ! <( 
i 'V> 






.. i '<y 





~ ~ .1 .I . - L,. 
EJ 0 I . ~+--y---,--..-----T----.-~- ---, r~ 
40' 50. 60. 70. 80' 90. 
X-POSITIOH [mm] 
. :·. :- . =--
_ .. _, :=.-:--:- :-::?:.:.:..-
!5: 59:57 JUL01. 1987 M!90.DAT 
15:59:57 JUL01.1987 Mi90.DAT 
===rwffn,z___=== 
- --------u~ l]ISIRa 









Y24 =.44 mm 
TBI =333.2 C 









QH1 =.03 W/cm"2 
QH2 =21.65 W/cm"2 
QH3 =21.53 W/cm"2 
QH4 =-.03 W/cm"2 
.::.. ... :..:: 
V ~.~.::-:=.5 
NB =85.1 kW 
MFR =1.55 kg/s 
DTC =41.7 K 





















C\J . l 
























!"'~ I a: 
f-
"---'-fl'~~- I tD 
/{/ !.......; 
vt k t: I 
-1 y. 1 f ~ 
' · Y 4 I 
• I y ._" ,. ., 
g~ -~J •ro 
~ "'J . r . ~ 
X 1 r + 
El • ! I . + EJ o • I -<1 ~ I I I I I I .--,---+-~ 
~0. 50. 60. 70. 80. 90. iOO. iiO. 
X-POSITION [mm] 
~~: .::.:: ~=- _' _·. :.::.?. :.:.~:-. 1:.:. ~ ~. =--
i2: 20: 38 JUN29, 1987 Mi68.DAT 
12: 20: 38 JUN29. 1987 Mi68.DAT 
--===================~u~~~----
. 1\Jl}S IRB 






































Y11 =29.3~ mm QH1 =20.86 H/cm"2 NB =!63.6 kfl Re =32733 
Yi~ =31.39 mm QH2 =20.77 H/cm"2 MFR =1.59 kg/s Pe =182.2 
TBI =296.9 C QH3 =20.67 W/cm"2 OTC =77.6 K 
TBO =374.5 C QH4 =20.75 W/cm"2 UB 
(']TC!! A TC!! X TC!! -'1- TC!! 




.i ~ b.~o\c ~LDJ "" b.. u~ 
1 
lSI ~ \ 
~gJ 
w ~ 
f-- ,...: i 
0~~ 










" . I Elt[l m-,~~---.--~---,---.---.---rL--,--~ 
41. 46. 51. 56. 61. 
X-POSITION [mm] 
10: 13: 18 JULOB, 1987 M266.0AT 
09: 53: 01 .JULOB, 1987 M265.DAT 
.... ~- ::·,:j· ~ ~ _::.;~·:=. ~ ?~~ M264.DAT 
--· --- --
09: 21: 24 JUL08, 1987 M263.~AT 
08: 57: 56 JULOB, 1987 M262.DAT 









1 I -----I -.--- l 
66. 7i. 76. 






t ~ L"!~ 
l-~ 




'* ~ i ~--~ 
FIC.72 TEGENA 2- FLUID TEMPERATURES 
!PROBE 1 SUBCHANNEL 5j 
Yii =29.34 mm QHi =20.66 fl/crn"2 NB =!63.6 kW Re =32733 
Yi4 =31.39 mm QH2 =20.77 W/cm"2 MFR =i. 59 kg/s Pe =182.2 
TBI =296.9 C QH3 =20.67 H/cm"2 DTC =77.6 K 
TBO =374.5 C QH4 =20.75 W/cm"2 UB =.98 m/s 
Ja: ·- ~ • ""'' I t ~J h'\ _ I L' 









~ TC21 + TC21 "TC21 
"RMS21 <> RMS21 + RMS21 
b f -:,..__ · L 
I (I) ~ \ I ~ ~~ a \"c d e~' \f. "~ ~--~" , '· ,,_ I / l ~ \\\ ~~ p:{ r;z . • ' . + " ~ -~I \, · ! / / • u"'l ·.. ·~ .... ~ ~- ' . w 
' ~ "'-1 'l / < :~~, "'""~ / ~:~ . m' ....J 
:z .ß}\ ~g~ t 0: w ; f--,.._:1 .. ~ s~l J • ', ' 
3 i .· . c .,\ l 
LL • '( \ l l>< ~- • + 
"'I -~ 
I ·.· ~ - "'--. • j I :;: 
--a.._'s---El El 
~ ~~ . ~" ~"'I
" J 71. 76. ~ 'i 66. El • - 61. ] 
El :g I 51. o:;,ss.;T'm~ [mm "'41. 46. X-P .L .L 
10: 27: 22 
10: 13: 16 
09: 53: 01 





09: 21: 24 JUL08, 1987 
08: 57: 56 JUL08. 1987 








07:46:35 JULOB, 1987 M260.DAT $===== 
FIC. 73 TEGENA 2 - FLUID TEMPERATURES 

























43_0 45.5 48.0 50.5 53.0 55.5 58.0 60.5 63.0 65.5 68.0 70.5 73.0 
X-POSITIOH [mm) 
==================================================~=I=RB=========== 



















X \ <1.,> + 
1\ 















0 -,~---.-,--..-------,--.---,---.-, 1-,--.--,----.--r-..--.----.--..--.----,·--' 
-13.0 -15.5 -18.0 50.5 53.0 55.5 58.0 60.5 63.0 65.5 68.0 70.5 73.0 
X-POSITION [mm) 
=-=-=---=--=-=-==--::-=::==-= :::::-:::=_:-:_::_-_-:-:-_c:_ • ------- ·--·-· um•-·---·----... - --- u ~~---"'===-= 









































~ -·-·---~r----,-~--r~,---,- -,-~-,----,--,--1---,------.----,---,--,---r--~1 r--,---
,13.0 t15.5 <18.0 50.5 53.0 55.5 58.0 60.5 63.0 65.5 68.0 70.5 73.0. 
X-POSITION [mm) 
====~====================~ -





RfM PROBE P2 C) 
.20 [I<] 
tn RMS21 6 .30 [K) 
f\1 + .40 [I<] ... 
X .50 (K] 
f 0 0 <'.> .60 (I<) 
4' .70 (I<] E" 
·o 
(K) -rl ;>( .80 
:.-.-:..· 
z .90 [K] Cl H3 1-1 y 1. 00 (K] 1-tn ,__, 




1. 20 [K] 
I z 1. 30 [K] >- 0 
lll X 
X + 




<13.0 <15.5 <18.0 50.5 53.0 55.5 58.0 60.5 63.0 65.5 68.0 70.5 73.0 
X-POSITION [mm) 
~ QM !RB 


































1 - 2 (9 - 1 O) 
1.0 
Eccentricity e, m m 
Fig. 78 Calculated subchannel temperature differences for 
eccentric bundle positions 
CONTENTS 
A1 
A 1 • 1 
A 1 • 2 
A 1 • 3 
A 1. 4 
A 1 • 5 

















- 11 9 -
ANNEX 
EXPERIMENTAL FACILITY 
Sodium Test Rig WÜP II 
Flow Development Section 
Flow Channel (Rectangular Channel) and Spacers 
Trace Heating and Thermal Insulation 
Heater Rods 
Measuring Chamber and Probe Adjusting Device 
PRELIMINARY TESTS 
Heater Rod Testing 
Testing of the Measuring Chamber 
Sodium test rig WÜP II. 
Entrance section. 
Reetangular flow channel. 
Heater rod. 
Photographs of the measuring chamber. 
Temperature profile along the heated surface. 
Photograph of the heater rod cross-section. 
TEGENA heater rods 
TEGENA 1 , geometry of heater rod cross-section 
Sodium velocities in the reetangular channel 
Temperature measurements, TEGENA 1 and 2 
- 1 20 -
A1 EXPERIMENTAL FACILITY 
A 1 • 1 Sodium Test Rig WÜP II 
The experiments were performed in the WÜP II sodium test bed. 
This is a elosed loop (Fig. A1) with the following major eom-
ponents: 
( 1 ) test seetion; ; 
(2) eleetromagnetie pump with a maximum delivery of 60 m3 /h and 
a delivery head of 3.8 bar; 
(3) heater with 120 kW power; 
(4) induetive volume flowmeter; 
(5) bypass line; 
(6) two sodium air/heat exehangers eonneeted in parallel, with a 
maximum eooling power of 325 kW eaeh at 320°C sodium inlet 
temperature; 
( 7) sodi um storage tank of 2 m3 volume 
(8) equalizing tank for eompensation of sodium volume ehange and 
for garanteeing gas free sodium flow in the whole loop; 
the liquid metal speeifie auxiliary loops (sodium purifiea-
tion, inert gas system, ete.). 
Al .2 Flow Development Seetion 
The test seetion aeeommodating the 4-rod bundle is preeeded by a 
flow development seetion where defined flow eondi tions at the 
test seetion inlet are generated. The flow development seetion 
(Fig. A2), whieh runs vertieally, eonsists of a thermal eompen-
sator of 80 mm nominal width (1), an entranee tank (2) for flow 
tranquilization, and a reetangular flow development ehannel of 
about 1600 mm length (=31 hydraulie diameters DC; DC is defined 
as the four times free flow eross-seetion of the reetangular 
ehannel, divided by the wetted perimeter) with a flow straight-
ener at its bottarn end. The flow to the flow development seetion 
passes a U-shaped feed tube. The measured flow distributions at 
the outlet eross-seetion of the flow development seetion without 
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and with internals (perforated plates and sieves 1 respeetively) 
have been deseribed in Seetion 4.1. 
A1 .3 Flow Channel (Reetangular Channel) and Spaeers 
The f low ehannel. surrounds the four heater rods arranged in 
series; i t is about 4 m long wi th a reetangular eross-seetion 
(Fig. A3). The reetangular channel is flanged tagether from 
550 nun long segrnents. A spaeer 1 whieh ean be replaeed 1 is pro-
vided in eaeh flange eonneetion. It eonsists of a frame with the 
spaeer pins of 2 mm dia. and the three web plates of 0.5 mm wall 
thiekness and 10 mm height. The latter are provided in the gaps 
between the heater rods. The spaeer is so designed that i t 
eauses but negligible flow disturbanees. The inner eross-seetion 
of the spaeer frame is identieal with the eross-seetion of the 
flow ehannel. This means that only the three spaeer pins and the 
three web pla tes are unavoidable obstruetions in the f low be-
tween the rods. 
The ehannel segments were welded tagether from milled U-shaped 
half-shells. The rounded parts of the ehannel eorners have 5 mm 
radii. The quali ty of the longitudinal weld deeisively influ-
enees the toleranee of the ehannel segments. Minimum toleranees 
have been aehieved by eleetron beam welding wi th the joint 
showing the shoulder sketehed in Fig. A3 (detail "a"). The duet 
segments and the spaeers are deseribed in /25/. 
The measurement of the ehannel segments after fabrieation 
yielded the following mean values (aetual values) for the ehan-
nel widths and the ehannel depths in [mm]: 
External Dimensions Internal Dimensions 
Width Depth Width B Depth T 
Nominal values 1 30.5 44.4 118.5+0.05 32.4+0.05 
- -




Al .4 Trace Heating and Thermal Insulation 
The test seetion is provided with a traee heating eonsisting of 
eleetrie heater rods 6 mm in diameter. At the rotation symmetrie 
eomponents (measuring ehamber and flanges of flow ehannel seg-
ments) the heater rods are provided as eoneentrie rings on the 
perimeter as well as on the bottom of the measuring ehamber. In 
order to aehieve the most uniform possible heating of the ehan-
nel segments between the flanges meander shaped bent heater rods 
are installed at 20 mm distanee from the large ehannel surfaees. 
This traee heating allows the test bed to be heated to about 
500°C. This is neeessary to eliminate by distillation the sodium 
residues out of the narrow gaps or pi ts before disassembly of 
the test bed. Before the test bed is filled with liquid sodium 
i t has to be heated to about 150 to 200 oc. The uniformi ty of 
radi a tion indueed hea ting up to 5 00 oc was tes ted in a prelim-
inary test. 
The thermal insulation of the test seetion makes up a 100 mm 
thiek layer of glass wool. Around the reetangular ehannel 
flanged tagether from the eight segments the glass wool is 
enelosed in 16 eoneentrie sheet metal half-shells, eaeh of them 
suspended at the segment flanges so as to be flush. The meander 
shaped radiating heater rods mentioned before are attaehed to 
these half-shells, too (ef. Fig. 1, bottom). 
In this way, layers of air of different thieknesses develop 
between the flanges of the ehannel segments, more partieularly 
between the inner half-shells and the reetangular ehannel. The 
layer thieknesses range from 40 to 80 mm so that small differ-
enees result in the thermal insulation on the perimeter of the 
reetangular ehannel whieh has been demonstrated in isothermal 
measurements (ef. 6.2). 
- 123 -
Al .5 Heater Rods 
In the 4-rod bundle electric heater rods simulate the fuel rods. 
The heater rod diameter was chosen to be 25 mm 1 i.e. the 
greatest possible diameter achievable with the swaging machines 
available. Hence 1 upscaling against the fuel rods of breeder 
reactors is about 3:1. By this 1 detailed measurements can per-
formed of the temperature profiles existing between the rods. 
'rhe specified heated length of 2500 mm was considered sufficient 
to obtain a flow largely developed thermally under conditions of 
uniform load. The maximum heat flux densi ty to be attained at 
the heater rod surface should be 85 W/cm 2 during permanent 
loading in test operation. To adapt the heater rods to an ex-
isting rectifier/high current system a current valtage ratio of 
1850 A/90 V should be achieved which corresponds to an ohrnie 
resistance of only 47 mn at 20°C. 
As high performance heater rods of these sizes 1 satisfying the 
requirements described before, have not yet been fabricated 
until this day 1 two different heater rod concepts should be 
implemented with equal priority add independent of each other. 
A modified development of the concept I (boron ni tride heater 
rods wi th flexible current conductors and MgO core) has been 
successful. A heater rod specifically developed earlier for 
liquid metal experiments could be used /26/. The heater rods 
were fabricated by Interatom according to a technique developed 
by KfK. The layout of the heater rod has been represented 
schematically in Fig. A4. The heat is generated by ohrnie heating 
in the current conductor 1 a three threaded helical strip. It 
flows through an approximately mm thick insulating layer of 
powdered boron ni tride to the cladding. The helical strip is 
filled with MgO powder as a mechanical support. The helical 
strip is extended on the rod ends by nickel and copper bolts in 
order to keep low the heat release from the so-called cold ends. 
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The concept II (Al 2o3 heater rods received from EIR Würenlingen) 
has not been successful. The problems arising and the results of 
prototype measurements are described in /27/. Besides this 
heater rod concept, also the plan had to be abandoned to measure 
the azimuthal distribution of the heat flux densi ty in the 
heater rod claddipg. 
Al .6 Measuring Chamber and Probe Adjusting Device 
The cylindric measuring chamber arranged at the head of the test 
section. (Figs. 1, 2) is 500 mm in inner diameter and 130 mm in 
height. The reetangular channel is flanged from the bottom such 
that it ends in the bottom of the measuring chamber. Air cooled 
freezing glands are flanged to the removable lid of the meas-
uring chamber. This allows two heater rods to be rotated during 
test operation. Originally, it was planned to measure under the 
test program azimuthal temperature profiles of the cladding 
walls in the measuring planes ME1 through MES using a rod rotat-
ing device. However, the necessary instrumentation of the rod 
claddings by thermocouples was renounced later so that this 
program topic was not performed. Two identical measuring probe 
adjusting devices are arranged in the measuring chamber beside 
the long edges of the reetangular channel. They serve to posi-
tion measuring probes in the main measuring plane ME6. Each 
measuring probe adjusting device consists of a cross slide with 
tolerance free ball bearing. The slide spindles are rotated by 
loosely coupled driving shafts by means of handwheels provided 
outside the measuring chamber. The driving shafts are sealed 
against escaping sodium by air cooled sodium freezing glands. To 
be able to determine the posi tion of the slide and hence the 
position of the probe, full rotations of the slide spindle are 
indicated by a counter and the angular posi tion of the slide 
spindle is indicated by a grading beside the handwheels. In 
parallel, the number of rotations and the angular positions of 
the spindle are scanned by a potentiometer as variable vol tage 
values. The potentiometer is coupled to the driving shaft via a 
mechanical gear box. The potentiometer vol tages are digi tally 
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displayed by the data acquisition system and recorded. The X and 
Y coordinates of the probe positions are displayed in units 
of mm; this serves to control manual probe setting at the test 
section with the handwheels; the readout on the grading disk is 
likewise expressed in mm. Views of the measuring chamber and the 
measuring probe adjusting device are shown in Fig. AS. 
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A2 PRELIMINARY TESTS 
A.2.1 Heater Rod Testing 
Prior to series fabrication of ten heater rods three prototype 
heater rods were tested for their reliability of operation /25/. 
These were the requirements made: 
heat flux density on the rod surface QH ~ 90 W/cm2 
coolant temperatures 300 to 500°C. 
In a f irs t test ser ies the rods were hea ted to abou t 8 8 0 oc 
temperature level in stagnant air under steady-state conditions 
and the heat radiation emitted by the heater rods was recorded 
by a plate camera. The film pictures were measured with a dens-
itometer; this provided a measure of the axial temperature 
constancy on the heater rod surface. Figure A6 shows as an 
example the densitometer evaluation of a film picture shot along 
920 mm of heater rod length. It is visible from the traced 
isolines of temperature that there 
ations less than 10 K. The maximum 
are local temperature devi-
inhomogeneity determined for 
a rod was 15 K which may be caused by an inhomogeneity of about 
5% of the heat flux. Consequently, undesired local Variations in 
power seem to be small. The determined power constancy can be 
considered good. 
In a second test series the three prototype heater rods were 
tested in the sodium test bed WÜP II under tighter operating 
condi tions. The rods were operated for 24 hours at full power 
wi th 90 W/cm 2 heat flux. The sodium inlet temperatures were 
about 350oC and the outlet temperatures about 520°C. In addi-
tion, the heater rods were disconnected ten times at full power. 
Towards the end of the period of testing the heat flux was tem-
porarily increased to 140 W/cm 2 (~so% overload) at a mean sodium 
outlet temperature of 550°C. Also the central temperature 
( temperature of current conductor) was measured at one of the 
three rods. At the end of the heated zone i t was 800°C at 
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1 3 4 W I cm2 ( sodium inlet tempera ture 3 70 oc 
1 
sodium ou tlet 
temperature = 550oC). These results confirm that the heater rods 
investigated are functionning under aggravated operating con-
ditions. 
Separate testing of the ten heater rods subsequently fabricated 
in series was ini tially restricted to the examinations of the 
first test series (heating in stagnant air to 880°C). The res-
ul ts were comparable wi th those obtained wi th the prototype 
heater rods. In Table A1 measured characteristic data of the ten 
series fabricated heater rods have been compiled. Four of the 
ten rods (H1 1 H2 1 H3 1 H4) were selected for the TEGENA 1 experi-
ment. Single rod testing under aggravated operating conditions 
in sodium was dispensed wi th. During the TEGENA test series 
the rods H2 and H3 became defective so that they could no langer 
be heated. Therefore 1 four new heater rods were selected for the 
TEGENA 2 test ser ies ( see Table A 1 ) and tes ted indi v idually 
under maximum Operating conditions (100 W/cm2 I 500°C) with 20% 
overload in the sodium loop. These rods performed perfectly in 
the following main test. 
Measured data of two cross-sections of the heater rod H2 from 
the TEGENA 1 test series have been compiled in Table A2. The 
maximum deviations of the different layer thicknesses from the 
respective mean value range from 2 to 9%. 
Figure 
rod H2 
A 7 is a photograph of a cross-section of the heater 
from the TEGENA 1 test series. The current conducting 
three-thread helical strip can be recognized well. 
A2.2 Testing the Measuring Chamber 
The meas~ring chamber is provided with a number of openings for 
removable connections. In order to inspect all sealing points as 
well as the per~ormance of the air cooled sodium freezing glands 
and the performance of the two probe adjusting devices 1 the 
measuring chamber was tested under operating conditions in 
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flowing sodium up to soooc over sixteen days in total. On seven 
days sodium velocity profiles were measured in the cross-sec-
tion ME6 of the open reetangular channel (see Section 4.2). The 
essential test results and the measures derived from them have 
been described in detail in /27/. 
Detailed information on the preliminary tests mentioned before 
are given in the reports /12, 18, 20, 27/. 
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Zuordnung: Diagramme (Hauptteil) I Meßwerte-Tabellen (Anhang) 
MAIN CODE ANNEX MAIN CODE ANNEX PART PART 
Fig. 11 Tab. A3.1-6 Fig. 42,43 M063 Tab. A25.1 
Fig. 12 Tab. A4.1-6 M094 Tab. A26.1 
Fiq. 13 Tab. AS.1-6 
Fig. 14 101T250 Tab. A6 
Fig. 15 101T250 Tab. A6 - M408 A27.1 
107T250 Tab.A6 Fig. 44,45 M063 Tab. A25.2 
!-----·· 152T~20 Tab. A6 M094 Tab. A26.2 
Fig. 16 MOSO Tab. A7.1 M408 Tab. A27.2 
M0 54 Tab. A7.2 Fig. 46 F10LWSA T·ab. A28 
M0 58 Tab. A7.3 Fig. 47 F25LWSA Tab. A29.1 
Fig. 17 M295 Tab. A8.1 F2SLWSB Tab. A29.2 
M296 Tab. A8.2 Fig. 48 F26LWSA Tab. A30.1 
M297 Tab. A8.3 
-
F26LWSB Tab. A30.2 
"M298 Tab . .A8.4 Fig. 49 F24LWSA Tab.A31.1 
Fig. 18 101T250 Tab. A6 F24LWSB Tab. A31.2 
107T250 Tab. A6 Fig. 50 M094 Tab. A 13.2 
152T250 Tab. A6 Fig. 51 M198 Tab.A32 
Fig. 19 F04Q12A Tab. A9.1 Fig. 52 M190 Tab. A33 
Tig. 20 F04Q12B ~~.A9.2 Fiq. 53 M168 
Tab.A34 
W03A 120 Tab. A 10.1 Fig. 54·---- -F31Q12B Tab. A35 
W03A130 Tab. A 10.2 Fig. 55 F37QWSA Tab.A36 
W03A140 Tab. A 10.3 Fig. 56 F35QW4A Tab. A37 
W03A 150 Tab. A 10.4 Fig. 57 F30LWSB Tab. A38 
W03A160 Tab. A 10.5 Fig. 58 F32L43A Tab.A39 
Fig. 21 WOSA075 Tab A 11.1-4 Fig. 59 F38LW4A Tab.A40 
Fio. 22 W05B075 Tab A 12.1-4 Fig. 60 F33D43A Tab. A41 
Jj_g_. 23 M336 Jab.A13.1 Fig. 61 F33D43B Tab.A42 
Fig. 
24,25,26 M336 Tab. A 13.1 Fig. 62 F36D44A Tab.A43 
M094 Tab. A 13.2 Jj.q,__~l __ ~6D44B ~b.A44 
M080 Tab. A 13.3 Fig. 64 F70K43A Tab. A45 
M082 Tab. A 13.4 F70K43B Tab. A46 
M085 Tab. A 13.5 F70K44A Tab.A47 
Fig. 27 F04Q12A Tab. A 14 ~-=----~-- F70K44B Tab.A~ 
Fig. 28 F04Q12B Tab. A 15 Fig. 65 lTfi<43-Ä Tab.A49 
Fig. 29 F06LWSA Tab. A 16 F71 K43B Tab. ASO 
Fig. 30 F06LWSB Tab. A 17 F71K44A Tab. A51 
Fig. 31 M332 Tab. A 18.1 F71 K44B Tab.A52 
Fig. 32 M334 Tab. A 19.1 ~~6§ ______ -~J.~-~~4, 6_? ... 
Fig. 33 M332 Tab. A 18.2 Fig 67 M094 fa5~26.2 
Fig. 34 M334 Tab. A 19.2 Fig. 68 M198 Tab. A53 
Fig. 35 M336 Tab. A20.1 Fig. 69 M190 Tab.A54 
Fig. 36 M336 Tab. A20.2 Fig. 70 .. M168 )_~.b~S-~ 
Fig. 37 M104 Tab.A21.1 Fig. 72-77 M26Ö ____ Tab. A56a 
Fig. 38 M104 Tab. A21.2 M261 Tab. A56b 
Fig. 39 Mo so Tab. A22.1 M262 Tab. A56c 
Fio. 40 M080 Tab. A22.2 M263 Tab. A56d 
Fig. 41 M104 Tab.A21.1 M264 Tab. A56e 
M102 Tab. A23 M265 Tab. A56f 
M106 Tab.A24 M266 Tab. A56g 















CURRENT-FLOW RESISTANCE R IRB- EXPERIMENT 
INTERATOM IRB(THOMSON-8) - 400°C -880°C 
COLD NORM. COLD NORM. NORM. [mQ] [mQ] [mQ] [mQ] 
42.56 1.001 40.59 0.989 44.6 1.015 42.8 
42.08 0.990 40.5 0.987 43.8 0.996 42.7 
42.86 1.008 42.0 1.023 43.7 0.994 43.4 
42.54 1.001 41.4 1.009 43.2 0.983 43.1 
42.35 0.996 40.7 0.992 42.9 0.976 42.8 
42.20 0.993 40.8 0.994 44.0 1.000 43.2 
42.07 0.990 40.44 0.985 44.4 1.010 42.8 
42.50 1.000 41.02 1.000 43.5 0.990 43.4 
42.38 0.997 40.85 0.995 43.5 0.990 43.2 
43.60 1.026 42.07 1.025 46.0 1.046 44.3 
42.51 41.03 43.96 43.17 
~---
----- --
H1 H2 H3 H4 
' ' ' ' 
----1 ------1 -----u· ------------. 
. . . . 
-e-e-e-e--









(HEATER ROD No) 
(MANUF.ROD N°, TEGENA 1) 












































TABLE A2 TEGENA 1 1 GEOMETRY OF HEATER ROD CROSS 
SECTION (HEATER ROD H2 I PROBE A/N) 
Cladding Tube BN-Layer Electrical Conductor 
Meas. . ' 
Pos. 
A N A N A N 
1 1.48 1.36 0.62 0.72 1.35 1.39 
2 1.38 1.41 0.67 0.73 1.47 1.39 
3 1.35 1.41 0.71 0.75 1.46 1.37 
4 1.43 1.39 0.59 0.70 1.35 1.37 
5 1.41 1 .39 0.69 0.73 1.37 1.39 
6 1.43 1.47 0.71 0.76 1.36 1.39 
7 1.41 1.46 0.62 0.75 1.34 1.40 
8 1.47 1.49 0.67 0.73 1.38 1.42 
9 1.49 1.45 0.69 0.73 1.3 5 1.40 
0 1.43 1.43 0.66 0.73 1.38 1.39 
DAV + 0.06 + 0.06 + 0.05 + 0.03 + 0.09 + 0.03 
-0.08 -0.07 -0.07 -0.03 -0.04 -0.02 








TAB.A3.1 GS 1, Y = 16.35 mm TAB. A3.2 GS1, Y = 16.35 mm 
T = 350 C, UC = 2.51 m/s, RE= 350 000 T = 4.20 C, UC = 2.51 m/s, RE= 420 000 
MS X SSP u u /U( I'.S X SSP u· 
U /UII: 
(MI'\) CMKV) (1'\/S) (1'\1'\) CI'IKV) (1'\/S) 
1 I. 50 2:;. 51 l. 9 0 0. 76 l 36.50 :;7.45 l. 02 
l. 2 0 
2 :;.so 27.82 2.25 0.69 2 36.50 36.77 2. 97 1. lll 
:; 5. 50 29.57 2. 39 0.95 3 38.50 36.83 2. 97 l. 18 
4 7.50 30. 66 2.48 0.99 4 38.50 36. 9 9 2. 9 9 1.19 
s 9.50 32.13 2. 59 l. 0 3 5 38.50 36.72 2.96 l. 18 
6 11 • 50 :; 3. ~ 0 2.70 1. 07 6 38.50 36.78 2. 9 7 1.18 
7 13.50 34.51 2.79 I • ll 7 38.50 36.69 2. 96 l. lll 
8 15.50 34.81 2.81 l. 12 8 3s.so 37.05 2. 99 l. 19 
9 17.50 3 5. 51 2.87 1. 14 9 38.50 H.48 2.95 l. 17 
l 0 19.50 3 s. 9 5 2.90 1.16 l 0 38.50 36.86 2. 98 l. 19 
11 21. 50 :; 6. 19 2 • 9 2 1. 16 ll 38.50 36.90 2. 9 8 1.19 
l 2 25.50 36.19 2. 92 I. l6 12 38.50 36.66 2. 96 l. 18 
D 2 9. 50 36.50 2. 95 l. I 7 D 38.50 36.1\0 2. 9 7 l.) 8 
14 33.50 36. 9 s 2.98 l • I 9 14 38.50 36.78 2. 97 l. 18 
1 5 37.50 37. 30 3. 01 1 • 2 0 1 5 ~8.50 36.85 2.~8 1.19 
1 6 41. .so 37.58 3. 0 3 l. 21 l6 38.50 36. 6 9 2. 96 1.18 
1 7 45,50 37.76 3.05 1. 21 1 7 38.50 H.85 3,06 1.22 
18 49.50 37.89 3.06 1 • 2 2 18 3!1.50 36.63 2. 96 1. 18 
l 9 53.50 38.27 3. 0 9 l.B 19 38.50 36.75 2. 9 7 1. 18 
20 57.50 38.35 3. 1 0 1. 2 3 20 38.50 36.87 2.98 1.19 
21 61. 50 38.01 3.07 l • 2 2 21 38.50 36.67 2. 9 6 l. 18 
22 6 5. 50 38.24 3. 0 9 1. 2 3 22 38.50 3 7. OS z. 99 1.19 
23 6 9. 50 :;5. 1 a 3.08 l. 2 3 2 3 36.50 H.ll6 2.98 l. 19 
24 73.50 37.e5 3. 0 6 1. 2 2 24 38.50 36.87 2. 98 l.H 
TAB. A3.3 GS 1, Y = 16.35 mm 
T = 350 C, UC=2.51 m/s, RE= 350 000 
t'.S X SSP u u /Ut 
(MI'\) (MKV) 0"./S) 
l l. so 24.01 1. 94 0. 77 
2 3.50 2 7. 6 8 2. 2 3 O.!l9 
3 5.50 29.22 2.H 0.54 
4 7. 50 3 0. 3 6 2.45 0,98 
5 9.50 32.09 2.59 1. 0 3 
6 11 • s 0 32.93 2. 6 6 1 • 0 6 
7 1 3. 50 34.07 2. 7 5 1. 10 
8 15.50 34.82 2. 81 l. 12 
9 17.50 35.28 2.85 1. 13 
10 l 9. 50 35.'72 2.88 1. 15 
11 21. so H.80 2.e9 l. 15 
12 25.50 36.22 2. 9 2 l. 17 
l ~ 29.50 36.54 2. 9 .s l. l B 
14 :n.so ~7.05 2. 9 9 l.H 
15 37.50 ~ 7. 17 ~.oo l. 2 0 
1 6 41. 50 37.57 3. 0 3 l. 21 
17 "5. 50 37.79 3.05 l. 2 2 
18 4 9. 50 3 7. 9 0 3. c 6 l. 2 2 
l 9 53. 50 38.08 ~. 0 7 l. 2 2 
20 57.50 :;e.23 :; • 0 9 l. 2 3 
2 1 61 • 50 38.33 3. 0 9 l. 2 3 
22 6 5. 50 38.44 3. 10 l • 2 4 
B 6 9. 50 38.23 3. 0 9 1. 23 
24 73.50 313.27 3.09 l. 2 3 
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TAB. A3 GS2, Y = 16.35 mm TAB. A3.5 GS2, Y = 16.35 mm 
T=350C, UC=2.51 m/s, RE= 350 000 T = 420 C, UC = 2.51 m/s, RE= 420 000 
IIS X SSP u· U.JUit IIS X SSP t; U JUC. 
(1'111) CMKYl (11/Sl (!'111) CHKYl OVS) 
l 11 7. 6 0 2 3. 6 7 1. 91 0.76 1 117,60 24. 12 l. 9 5 0.78 
2 11 5. 6 0 2 6. 4 0 2.13 0.85 2 115.60 2 6. 6 5 2. 15 0,86 
3 113. 6 0 27.94 2. 26 0. 90 l l D, 60 Zll.H 2 .ll 0. 9 2 
4 111.60 29.96 2. 4 2 0. 9 6 4 111.60 2 9. 7 5 2.40 0. 96 
5 109.60 30.63 2.49 o.H 5 109.60 31.07 2. 51 l. 00 
6 107.60 32.56 2. 63 l. 0 5 6 107.60 32.53 2. 6 3 l. 0 5 
7 105.60 33.85 2.73 l. 09 7 105.60 33.77 2.73 l. 0 9 
6 103.60 34.79 2.81 l. 12 8 103.60 34.74 2.80 l. l 2 
9 10!.60 35.24 2.85 1. 13 9 101.60 35.43 2.86 l. 14 
10 9 9. 6 0 35.77 2. 8 9 l. 15 1 0 99.60 3 5. 9 2 2. 9 0 1.16 
11 n. 6o 35.85 2.89 l. 15 ll 97.60 36.14 2. 92 l. 16 
12 93. 60 36. 51 2.95 l. 17 12 9 3. 6 0 36.34 2. 9 3 1 • 1 7 
1 3 89.60 36.90 2.98 l. 19 13 89,60 36.91 2.98 l. 19 
14 85.60 37.70 3.04 l. 21 14 85. 6 0 37.33 3. 01 1. 20 
15 81.60 38. l 0 3.06 1.23 15 81. 60 :n. 93 3.06 l. 2 2 
l6 77.60 38. 35 3. l 0 !. 2 3 16 77.60 37.66 3.04 l. 21 
l 7 7 3. G 0 ~8. 26 3. 0 9 l. 2 3 17 7 3. 6 0 38. 13 3.08 1.23 
18 6 9. 6 0 l8. 55 3. 11 l. 24 18 6 9. 6 0 37.61 3.05 1. 2 2 
19 65.60 313.93 3. 14 l. 2 5 l9 65. 6 0 38.H 3.10 l. 2 3 
20 61. 6 0 38.97 3. 15 l. 2 5 20 61.6 0 3e.n 3. l 0 Ln 
21 57.60 313.99 3. 15 l. 2 5 21 57. 6 0 36. 18 3. 08 l • 2 3 
22 53.60 36.94 3. 14 1. 25 22 53. 6 0 38.03 3.07 l. 2 2 
23 49.60 36.65 3. 12 l. 24 23 49,60 37,63 3,04 l. 21 
24 45.60 38. 42' 3. 10 l. 24 24 45,60 37.77 3.05 l. 21 
TAB. A3.6 GS2, Y = 16.35 mm 
T=350C, UC = 2.51 m/s, RE= 350 000 
MS X SSP u U. /UC 
(1'11'1) CMKYl (11/S) 
1 117.60 2 3. 9 2 l. 93 0. 77 
2 115.60 2 6. 9 1 2. 17 0.87 
3 113.60 28.35 2.29 0. 91 
4 111.60 29.46 2.38 0.95 
s 109.60 31. 3l 2.53 l. 01 
6 107.60 32.52 2. 6 3 1. OS 
7 105.60 3 3. 48 2,70 1. 08 
8 103.60 34.45 2.78 1.11 
9 101.60 3 5. 15 2.84 1.13 
l 0 99.60 35.39 2. 8 6 1.14 
11 97.6 0 35.88 2. 9 0 1.1 s 
12 93.60 36.45 2. 94 1.17 
l 3 89.60 36.86 2.98 1.19 
14 85.60 37.36 3. 0 2 l. 2 0 
15 81. 6 0 37.64 3.04 1. 21 
1 6 7 7. 6 0 38.01 3.07 l. 22 
1 7 n.6o 38.25 3.09 1.23 
18 6 9. 6 0 38.23 3. 0 9 l. 2 3 
19 65.60 38.14 3.08 1.23 
20 6\.6 0 38.71 3.13 l. 2 5 
21 57,60 36.46 3. 11 l. 24 
22 5 :~. 6 0 3/l. 09 3.08 1. 2 3 
23 4~.60 3 6. 17 3.06 1.23 
24 4$.60 38.18 3,08 l.B 
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TAB. A4.~ GSl Y=l6.35mm TAB. Alt.2 GSl Y=24.35mm 
T=350 c, UC=2.5lm/s, RE=350000 T=350 c, UC=2.5lm/s, RE=350000 
MS X SSP Uc U"JUC MS X SSP u: U'·/Ut 
(MI\) (MKV) (1\/S) (1',1\) (MKV) CM/S) 
1.50 22.53 1 • e z 0. 72 ). 50 23.74 l. 9 2 0. 76 
3. 50 25.75 2.06 0.53 3.50 26. 9 2 z. l 7 0.87 
5.50 2 7. 10 2 . 1 9 0.87 5.50 2 8. 26 2.28 0.91 
4 7. 50 2 7. 15 2. 2 4 0.89 4 7. 50 2 9. 3 2 2. 3 7 0. 9 4 
5 9. 50 28.80 2.33 o.n 5 9. 50 3 0. 2 4 2. 4 4 0. 9 7 
6 ll. 50 3 0. l 6 2.44 0. 9 7 6 ll. 50 30.92 2.50 0. 9 9 
7 l 3. 50 31. 31 2. 53 l. 01 7 l 3. 50 31 . 57 2. 55 l . 0 2 
II l 5. 50 3!. 59 2.58 1 • 0 3 ll 15. 50 31.92 2. 58 l. 03 
9 1 7. 50 3 2. 46 2.62 1. 04 9 17. 50 31. 7l 2. 56 1 • 0 2 
1 D 19. so 32.S5 2. 6 5 1.06 10 19.50 31. 58 2.55 l . 0 2 
ll 2 l. 50 3 2 • 9 9 2 • 6 6 1 • D 6 ll 21. so 3l.ö4 2.57 1 • 0 2 
l 2 25.50 3 3. <.) 2. 7 0 l. 07 l 2 2 5. 50 3 2. 09 2. 59 l • 0 3 
l 3 29.50 3 4 . l 3 2. 76 l. l 0 l 3 29.50 32.26 2. 6 0 1. 04 
14 33.50 34. n 2.78 1.11 14 33.50 3 2. 6 5 2. 6 4 l • 0 5 
15 37.50 34.56 2. 7 9 ). 11 15 3 7. 50 3 3. 1 2 2.67 1.07 
1 6 41. so 34.85 2. 81 1 • 1 2 l6 4 1. 50 33.42 2.70 l.CB 
l 7 45.50 35. l4 2.84 1.D l7 45.50 ~ 3. 6 0 2. 7 1 1. Oll 
18 49.50 35. 7 7 2.89 l. 15 18 49.50 3 3. 76 2.B 1 . 0 9 
1 9 53. so 35.90 2 • 9 0 l. 15 1 9 53.50 3 4. 04 2.75 1.09 
20 57.50 35.81. 2.89 1 . l 5 20 57.50 3 3. 96 2.74 ). 09 
21 6 l . 50 35.78 2.89 1. 15 21 6 l • s 0 3 4. 0 l 2.75 1 . 0 9 
2 2 6 5. 50 3 5. ~ 4 2. 9 0 l.H 22 65.50 33.74 2.72 1.09 
n 6 9. 50 35.76 2.e9 1. l 5 23 69.50 3 3. 71 2. 72 1.08 
24 73.50 35.44 2.86 1. 14 24 73.50 34.08 2. 7 5 1 . 1 0 
TAB. A4.3 GSl Y=28.35mm 
T=350 c, UC=2.5lm/s, RE=350000 
I",S X SSP u~ uuuc 
OlM) (MV) (M/S) 
1 r l. 50 23.53 l. 9 0 0. 76 
2 3.50 27.04 2 .18 0.87 
3 5.50 21l.49 2. 3 0 0. 9 2 
4 7.50 29.011 2. 3 5 0. 94 
5 9 • .50 29.58 2.39 0. 9 5 
6 11. 50 29.118 2. 41 0. 96 
7 1 3. so z?.n 2. 4 2 0. 9 6 
e l 5. 50 30.08 z. 4 3 o.n 
9 17. 50 3 0. 17 2.44 0. 9 7 
l 0 19. 50 2 9. 8 2 2. 41 0. 96 
l l 21. 50 29. n 2.42 O.H 
12 2 5. 50 29.75 2. 4 0 0. 96 
1 3 29.50 30.40 2. 4 5 0.98 
14 3 ~ . 50 31. OB 2. 51 l • 0 0 
15 3i. 50 -~l.~l 2. 53 1 • 0 l 
l 6 41. 50 31.0 2.54 ). 0 l 
17 ~5.50 ~ 1. 51 2.54 l. 01 
1 e ~9.50 31. ~ 9 2. 54 ). 01 
1'1 53. 50 .;2.C3 2. s 9 1 • 0 3 
20 57.50 32.CO 2. s e 1.03 
21 61 • s 0 31. eJ 2. s 7 1 • 0 2 
22 6 5. 50 31. tß 2. s 7 l. 0 3 
23 6 9. 50 3). 9 0 2. 5 ß l. 0 3 
24 73.50 31.72 2 • 56 l. 02 
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TAB. A4.'t GS2 Y=l6.35mm TAB. A't-.'5 GS2 Y=8.35mm 
T=350 c, UC=2.5lm/s, RE=350000 T=350 c, UC=2.5lm/s, RE=350000 
I".S X SSP L' ~ •. u:· /UC: HS X SSP U': u: ./U 1: 
CMH) (1'\KV) (1'\/S) (l'lH) (I'\~ V) CtVS) 
117. 6 0 23.05 1. 86 0.74 11 7. 6 0 24.09 l • 9 5 0.77 
2 11 5. 6 0 2 5. 21 2. 0 4 0. 81 11 5. 6 0 2 6. 4 2 2. 1 3 o.es 
3 ll 3. 6 0 2 7 .13 2. 1 9 0.87 11 3. 6 0 27.88 2.25 0.90 
4 lll. 6 0 2 7. 9 l 2. 2 5 0. 9 0 4 lll. 6 0 29.07 2.35 0.94 
5 109.60 2 9. 14 2. 3 5 0. 54 5 109.60 ZL 82 2. 41 0. 9 6 
6 107. H ;IQ,q 2.46 0.98 6 107.60 3 0. 4/l 2.46 0.91l 
7 l 0 5. 6 0 3} ,64 2. 55 l • D 2 7 1 0 5. 6 0 30.84 2. 4 9 0. 99 
5 103.60 31 . 7 0 2. 56 1.02 ll 1 0 3. 6 0 31. 17 2.52 l. 00 
9 l'O l . 6 0 32.28 2 . 6 l l • 04 9 l 0 l . 6 0 31. H 2.53 l. 0 l 
l 0 9 9. 6 0 32,94 2. 6 6 l . 0 6 l 0 99.60 3 1 • 3 2 2.53 l. 01 
11 97.60 3 3. 21 2.68 1.07 11 97.60 31. 55 2.55 l. 0 l 
1 2 9 3. 6 0 3.L 59 2. 71 l .08 12 9 3. 6 0 3!. 59 2.55 1.02 
13 B9.60 33.e4 2.73 1 • 0 9 1 3 89.60 31. 99 2.58 1 . 0 3 
14 B5.60 ~ 4. l 2 2. 7 5 1. 1 0 14 85. 6 0 32.48 2. 6 2 1. 04 
15 81. 6 0 34.53 2. 7 9 J .11 15 81. 6 0 3 2. 91 2. 6 6 1 • 0 6 
16 7 7. 6 0 :14.70 2.BO l • 1 2 16 77.60 33.40 2. 7 0 l . 0 7 
l 7 73. 6 0 :15.04 2.83 1.13 17 7 3. 6 0 33.65 2.72 1. 08 
18 69. 6 0 3 5. 2 2 2.84 1 • 1 3 18 69.60 33.95 2.74 l • 0 9 
l 9 65.60 3 5. l8 2.84 l. 13 1 9 6 5. 6 0 3 3. 7 1 2.72 1. 08 
20 61. 6 0 34.98 2.82 1. 13 20 6 l. 6 0 34.01 2. 7 5 1 . 0 9 
2 1 57.60 35. J 8 2.84 1. 13 Zl 57.6 0 33.97 2.74 J • 0 9 
22 53. 6 0 3 5. ll 2.83 l. l3 22 53. 6 0 34.02 2. 7 5 ': l. 0 9 
23 49.60 35. 11 2.83 1. 1 3 Z3 49.60 3 4. l 9 2. 76 "1. l 0 
24 4 5. 6 0 34.79 2.81 1 • l 2 24 4 5. 6 0 34.06 2.75 1 • 1 0 
T.ll.B. A4.6 GS2 Y=4.35mm 
T=350 c' UC=2.5lm/s, RE=350000 
MS X SSP u· u lU€: 
(1'\li) (1'\KV) (H/S) 
117.60 23.80 l. 9 2 0.77 
2 115. 60 2L 15 2. 11 0.84 
3 113.60 27.46 2. 22 0.88 
4 111.60 21.e11 2.25 0.90 
5 1 0 9. 6 0 28.48 2. 3 0 0. 9 2 
6 1 07. 6 0 21l.59 2. :ll 0. 9 2 
7 105.60 211.90 2. 3 3 0. 9 3 
8 1 0 3. 6 0 28.eO 2. 3 3 0.93 
9 101.60 ze.7a 2.32 0. 9 3 
1 0 9 9. 6 0 2 e. 6 5 2. ~ 1 0. 9Z 
ll 97.60 28.70 2. 32 0. 9 2 
l 2 9 L 6 0 29.00 2.34 0. 9 3 
1 3 e9.60 29.~3 2.3e 0. 9 5 
14 eS.6o 3 0. 2 2 2. 4 4 0. 9 7 
1 5 81. ( 0 30.47 2.46 0.9/l 
l6 77.60 30. H 2.48 0. 9 9 
1 7 7 3. 6 0 3o.e3 2. 4 9 0. 9 9 
18 69.60 30.98 2. 50 I. 00 
l 9 6 s. 6 0 30.5!1 2. s 0 1. 00 
20 61.60. 31. c 2 2.50 l.oo 
2 1 57. 6 0 Jl. H 2.52 I. 0 I 
22 53.60 31.0 3 2. 51 l. 0 0 
23 4L 60 31. 2 6 2. 52 l. 01 
2~ 4 S. L 0 31. 14 2.51 1 • 0 0 
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TAB. A5.1 GSl X=59.55mm T.D.B. A5.2. GSl X=31.55mm 
T=350 c, UC=2.5lm/s, RE=350000 T=350 c, UC=2.51m/s, RE=350000 
MS y S SP u~. U ./Ur:;. MS y SSP u~ u ./liC. 
(KM) I.'IKVl (H/Sl ( ".'\) (HO\ V) (K/~l 
1 31 .20 ,.jo. 25 2 .~ .. 0.?7 1 :n .~o 2R, Oo 2.27 o.9u 
2 2'1.20 ) 1 • 10 2. 5 I 1 .uu 2 ?.'I. LU 3U • .21 :!.t. ... 0.97 
3 27.20 )2. 13 2 .. ~-.J 1 .0> 3 2 7. 20 31.01 ,?.5,) l. (JJ 
" 
~S.20 :>:..70 ~. 7 2 1. 00 
"' 
7 ~. 2 0 :. 2 • ,)"1 ;>,<;o l .0~ 
5 2 j .2\J J~..,.. 5S J. 7? ). 11 5 23.20 .3 :J. 3> 2.b9 1.('17 
b 21 • 2.) JS. 43 7.-~~ 1.)1, () 2 I .20 ~4. 17 2 .. 7n ).}.1 
7 l"'. 2u 2.!) .. t12 ~.nv }. 15 7 l". 20 )4. ~2 2.74 l. 11 
8 l 7 • .10 35.84 2.f\9 l. 15 II l 7. ~0 )4 • 51 2. 79 l.ll 
9 15. Lv 35. 7l 2 .. n ,, l. 1 s 9 15 .2 u )<. • 33 .!.77 1 • 1;) 
10 l j. 20 34. U7 :? .. :32 l. 12 10 13.::!0 33.62 . 2. 71 1 • Ut\ 
ll 11 .2\J 33. 7!1 ~.73 ),(I<J 11 ll -~·.) 32.73 2.6 .. l. 0$ 
12 'J .. 20 ~;:.57 ~ ·'· 3 l. 05 12 9.20 31 • o5 2. 50 1. 0.~ 
13 9.2u :.~. 5'/ ;! 0 (.1) 1.0~ 13 9.2U 31 • :o5 2. 5 ' l .0:! 
Tß.B. A5.3 GSl X=3.55mm TAB. ~5.4 GS2 X=59.55mm 
T=350 c UC=2.5lm/s, RE=350000 T=350 c, UC=2.5lm/s, RE=350000 
MS y !:, SP u: u· ;ur; MS y S SP U' U ./Ul: 
( 1"."1) I ."lKYl ( "1/ ~, ( H'\ l ('\"V) (1-\/Sl 
l 31.;::0 25. 5-, 2, 0 I 0.82 3.5!) )U, 37 2 ... , 0.911 
2 2<>.~::> 2'>. N ~. 1 (> O.Rb 2 :~. ~u 3u.:n :2 .. ~!-i 0 .. 91J 
.3 27.20 l.b .9() 7. .1 7 o.A7 3 !i.5U 31 • ~7 2. 5 ., 1. 0~ 
4 25.20 26 .. 1t} :? • l b O.Bi> 4 7.~0 ;)j. r;,l) 2. 7:!. 1 .OR 
5 23.2.) 2h ... 7 2. l ~ O.RS 5 (} .5() 
"". ~7 2.79 1. 1 1 1.> 21.:!0 7.!i. 75 2. \) 1 O • .'l3 I> ll • so ;, 5. 2~ 2.11 s 1 .. 1~ 
7 1'1.20 l.5. 05 2. u l o.Rz 7 l:l. !iv ?>5.~5 2.8<> l • 15 
8 17 .zu 25.97 :?.lJ J.e .. 8 b .~0 31>. 07 ,!,01 l • 11> 
9 1 !o. 2 J 2o. 19 2. 11 O.ll-. 9 17.50 35.58 2.A7 l .. l"t 10 1 ::,.;:.) ;:_I, .. '-15. 2.14 o. u ~ lU 19.50 :;::. • 95 2.112 l. 12 
11 1 1 • 2 ,) 2 1>. 95 2.13 u.H7 ll 21 .!:iO Y•.O.! 2.7~ l • (J ~ 
1~ " •. ~u 27. 3d ~ .. ~ l ü.!)~ 12 2 ·'.so 32 .Rf., 2.6~ l . ()i) 
13 7 .. 2•1 ~., .. ~:J .!.11, O.A6 13 25.5U .32. 6::1 :! .(,d 1 .o~ 
U.B. A5.5 GS2 X=87.55mm TAB. _M& GS2 X=ll5. 55mm 
T=350 C, UC=2.5lm/s, RE=350000 T=350 c' UC=2.5lm/s, RE=350000 
KS y S SP u· u ./U!;. HS y S SP u: u· ;uc: 
( 1'1."1) (KKVl (H/5) ( "lH l (HKV) (1'1/ s, 
1 l.SU 27.03 ?..11l J.97 l 1 • 5'J z;,. 67 1."11 ::>. 76 
?. ).50 29 .. o ... 2.34 0.'13 2 3.5v 25. 51 2.u'> o. e:: 
:I 5 .. 50 3C. 51 2. ~ .... 0.9tl 3 5.50 2:5.96 :?.10 u.a~ 
7.50 31 • 75 2.5<> 1.02 4 7.~0 25.'lb 2.0'1 0.6) 
5 9. 50 )~. BO 2 .. -.s 1 .. 0, 5 'I,Sll 2~. 7u .?.Jd 0.6.1 
6 ll. 50 3 3. 19 :C.7) 1. 0 1) 6 1 l • 50 ' 2 5 • .21 2.04 o.·n 
7 13.50 34 • 1 (, 2.76 1.10 7 l :I • 5 () 2 ... 'l7 1. 9c (1. 7'1 
8 15.50 )4. u ~. 7 6 l. 10 8 15.50 2"'. 56 l. 98 U.H 
'I 17. su 3<.. 2<. 2. 7o 1.1:) 9 17.50 z~. 91 2 .. 0 l C. B) 
10 19.50 33. J9 2.7u 1.07 10 )'1.5.) 2 5. 36 2 .,\)':5 
"· e.: 11 21 .50 32 .. 1-,7 .2.b ... l • 05 ll 21 • 5v 25.75 2.Ub J. e 3 
12 2 3. 50 31 • 28 2. 53 l. u 1 12 2 :J. 50 ~ 3. 69 1..,. 1 0.7~> 
l3 ~3 .so 31.29 2. 5) l • J l 13 25 .. 50 2?.. -.l l. ~ 1 0 .. 71. 
TAB. A6 TEGENA 1, ISOTHERMAL MEASUREMENTS, TC-DEVIATIONS 
OF REFERENCE TEMPERATURE 
101T250.DAT 
ABWO(L) I --L MIT(L) PT2 ABW2 PT3 ABW3 ABWU(L) ABW TRF 
1.00 247.37 248.40 -1.03 247.70 -0.33 0.22' 0.12 -0.68 248.1 
2.00 248.60 248.40 0.20 247.70 0.90 0.27 0.27 0.55 248.1 
3.00 249.02 248.40 0.62 247.70 1.32 0.45 1.15 0.97 248.1 
1.00 299.07 301.00 -1.93 300.20 -1.13 0.28 0.13 -1.53 300.6 
2.00 300.54 301.00 -0.46 300.20 0.34 0.40 0.40 -0.06 300.6 
3.00 301.65 301.00 0.65 300.20 1.45 0.57 1.68 1.05 300.6 
1.00 346.18 348.70 -2.52 348.10 -1.92 0.33 0.17 -2.22 348.4 
2.00 347.75 348.70 -0.95 348.10 -0.35 0.51 0.47 -0.65 348.4 
3.00 349.49 348.70 0.79 348.10 1.39 0.77 2.02 1.09 348.4 
1.00 390.50 394.00 -3.50 393.20 -2.70 0.41 0.22 -3.10 393.6 
·2.00 392.31 394.00 -1.69 393.20 -0.89 0.57 0.53 -1.29 393.6 
3.00 394.49 394.00 0.49 393.20 1.29 0.98 2.50 0.89 393.6 
107T250.DAT 
ABWO(l) I --L MIT(L) PT2 ABW2 PT3 ABW3 ABWU(L) ABW TRF 
.. 
1.00 247.26 248.50 -1.24 247.90 -0.64 0.23 0.14 -0.94 248.2 
2.00 248.63 248.50 0.13 247.90 0.73 0.23 0.21 0.43 248.2 
3.00 248.91 248.50 0.41 247.90 1.01 0.42 1.13 0.71 248.2 
1.00 301.85 303.80 -1.95 303.40 -1.55 0.30 0.21 -1.75 303.6 
2.00 303.44 303.80 -0.36 303.40 0.04 0.38 0.34 -0.16 303.6 
3.00 304.42 303.80 0.62 303.40 1.02 0.59 1.58 0.82 303.6 
1.00 353.33 356.10 -2.77 355.80 -2.47 0.36 0.24 -2.62 356.0 
2.00 355.11 356.10 -0.99 355.80 -0.69 0.50 0.48 -0.84 356.0 
3.00 356.71 356.10 0.61 355.80 0.91 0.76 2.00 0.76 356.0 
1.00 395.84 399.80 -3.96 399.20 -3.36 0.42 0.31 -3.66 399.5 
2.00 398.00 399.80 -1.80 399.20 -1.20 0.56 0.54 -1.50 399.5 
3.00 400.06 399.80 0.26 399.20 0.86 0.92 2.68 0.56 399.5 
I 
152T250.DAT 
L MIT(L) PT2 ABW2 PT3 ABW3 
1.00 246.49 247.30 -0.81 247.10 -0.61 
2.00 247.94 247.30 0.64 247.10 0.84 
3.00 248.33 247.30 1.03 247.10 1.23 
1.00 317.59 320.10 -2.51 319.60 -2.01 
2.00 319.81 320.10 -0.29 319.60 0.21 
3.00 321.03 320.10 0.93 319.60 1.43 
1.00 351.93 354.90 -2.97 354.40 -2.47 
2.00 353.72 354.90 -1.18 354.40 -0.68 
3.00 355.35 .. 354.90 0.45 354.40 0.95 
1.00 395.74 399.60 -3.86 399.20 -3.46 
2.00 397.62 399.60 -1.98 399.20 -1.58 
3.00 399.91 399.60 0.31 399.20 0.71 
1.00 295.06 297.20 -2.14 296.90 -1.84 
2.00 296.63 297.20 -0.57 296.90 -0.27 
3.00 297.50 297.20 0.30 296.90 0.60 
L = 1- 4 Thermocouples of Probe S 1 
L = 2 4 Thermocouples of Probe S2 
L= 3 126Wa11Thermocouples 
MIT(L) :Average Value ofTC-Group 
ABW(L): Devitation of MIT(L) from PT2 or PT3 
TRF = 0.5 X (PT2 + PT3) 























































09:54:04 JON10,1987 MOSO .DAT TAB. A7.1 12:58:28 JON10,19B7 HOSUAT TAB. A7.2 
iKGKHA 2 - WALL TKHPKRATORKS iKGKNA 2 - WALL TKHPRRATURKS 
CHAHHKL PKRIHKRTKR HPl/2/3/4/5 CHANHEL PKRIHKRTKR HPl/2/3/4/5 
TB! : 301.8 c DTC : .0 K TBI : 351.4 c DTC : .0 ( 
OB : .48 JJ/8 Re : 15142. UB : .49 m/s Re : 16635. 
QHl - .0 W/cm·z - QH2 : .0 W/cm·z QHl : .0 W/cm·z QH2 : .o W/c11·2 
QH3 : .0 W/cll·2 QH4 : .0 W/cm·z QH3 : .0 W/cm·z QH4 : .o W/c11·2 
c p HPl HP2 HP3 HP4 HP5 c p HPl KP2 HP3 HP4 HP5 
11111 c c c c c lllll c c c c c 
11.00 301.56 301.291 301.42 301.49 301.6 11.00 351.01 350.584 350.63 350.63 350.8 
25.20 301.35 301.575 30LBO 30l.H 301.5 25.20 350.75 350.916 351:08 350.51 350.6 
JUO 301.49 300.983 301.61 301.37 301.6 33.40 350.94 350.250 350.85 350.41 350.7 
55.40 301.38 301.225 301.42 301.44 301.7 55.40 350.43 350.537 350.66 350.56 350.8 
66.60 301.78 301.176 301.35 301.64 301.6 66.60 351.42 350.584 350.66 350.89 350.8 
81.00 301.80 301.490 301.78 301.56 301.6 81.00 351.58 351.013 351.28 350.89 350.9 
95.30 301.61 301.853 301.73 30 l.BB 301.9 95.30 351.35 351.466 351.16 351.28 351.2 
109.10 301.91 301.780 301.85 301.88 301.8 109.70 . 351.70 351.347 351.32 351.26 350.7 
12UO 301.61 301.732 301.73 301.56 301.5 m.oo 351.08 351.228 351.13 350.89 350.6 
138.40 301.95 301.805 302.00 301.41 301.6 138.40 351.39 351.204 351.39 350 .17 35U 
152.70 301.13 301.660 301.59 301.64 301.2 152.70 351.01 351.061 350.89 350.97 35U 
163.90 301.37 301.442 301.32 301.20 301.5 163.90 350.56 350.799 350.63 350;44 350.8 
185.90 301.41 301.490 301.49 301.42 301.4 185.90 350.63 350.894 350.87 350.70 350.6 
19UO 301.16 301.515 301.37 301.35 301.5 19UO 351.01 350.894 350.10 350.63 350.8 
208.30 301.76 301.321 301.37 301.37 301.5 208.30 351.01 350.679 350.66 350.63 350.8 
230.30 301.54 301.539 301.66 301.22 301.5 230.30 350.80 350.942 351.01 350.51 35U 
2H.50 301.88 301.466 301.49 301.41 301.4 241.50 351.20 350.799 350.82 350.73 350.7 
255.90 301.90 301.442 301.85 301.68 301.5 . 255.90 351.39 350.823 351.28 350.99 350.7 
270.20 301.95 301.805 301.16 301.68 301.8 270.20 351.49 351.299 351.18 351.01 351.1 
28UO 301.16 301.611 301.49 301.68 301.9 I 28UO 351.42 351.204 350.94 351.04 351.3 
298.90 301.93 301.660 301.71 301.76 301.7 298.90 351.66 351.275 351.18 351.08 350.9 
31J.30 30U4 301.611 301.68 301.64 301.6 313.30 351.30 351.228 351.18 350.99 350.8 
·' 327.60 301.73 301.273 301.66 301.66 301.3 321.60 351.32 350.121 351.06 350.89 350.4 
338.80 301.56 301.466 301.20 301.49 301.4 336.80 351.11 350.870 350.47 350.63 350.6 
17:08:32 JOH10,1987 M058.DAT TAB. A7.3 
TKGKHA 2 - WALL TKHPKRAiURKS 
CHAHHKL PKRIKERTKR HPl/2/3/4/5 
TBI : 402.3 c DiC : .0 [ 
UB : .48 m/B Re : 17545. 
QHl : .0 W/cm·z QH2 : .o W/c1·2 
QHJ : .o W/c•·2 QH4 : .0 W/ca·z 
CP m MP2 HP3 MB MP5 
11111 c c c c c 
11.00 402.13 401.662 401.80 401.80 402.1 
25.20 401.69 401.991 402.30 401.73 401.9 
3UO 401.97 401.286 402.04 401.64 402.0 
55.40 401. 01 401.662 401.85 401.18 402.1 
66.60 402.56 401.662 401.90 402.20 402.2 
81.00 402.72 402.250 402.65 402.30 ·m.t 
95.30 402.65 402.837 402.60 402.81 402.7 
109.70 403.10 402.767 402.79 402.79 m. s 
- 12UO 402.41 402.579 402.53 402.30 m.z 
138.40 402.67 402.414 402.74 402.04 402.2 
152.70 402.18 402.156 402.01 402.11 401.6 
163.90 401.52 401.803 401.59 40UO 401.8 
185.90 401.66 401.780 401.80 401.66 401.7 
19UO 401.97 m.soJ 401.62 401.59 401.8 
208.30 402.09 401.568 401.54 401.59 401.8 
230.30 401.80 401.897 402.06 401.50 40U 
2U:50 402.37 401.803 401.94 401.83 401.8 
255.90 402.67 401.991 402.58 402.27 402.0 
210.20 402.88 402.60Z 402.63 402.H 402.6 
28UO 402.17 402.532 402.39 402.53 402.8 
298.90 403.03 402.579 m.s1 402.56 402.4 
313.30 402.39 402.438 402.56 402.37 402.3 
327.60 m.37 401.803 402.34 402.20 401.1 






07:40:59 JOL09, 1981' H295.DAT TAB. AB.1 08:07:20 JUL09,1987 M296. DAT TRB. AH.Z 
-
TKGKNA 2 - WALL iKHPKRATURKS TKGKNA 2 - WALL TKKPERATURKS CHANHEL PKRIHKRTER HPl/2/J/4/5 CHANHEL PERIHKRTKR MPl/2/3/4/5 
TBI = 294.5 c DTC = .0 K TBI = 296.4 c DTC - .0 K -UB = . 48 m/s Re = 14813 . OB = .97 m/s Re = 29859. QHl - .0 H/c11·2 QH2 = .0 W/c11·2 QHl = .0 W/cm·z QH2 - .o W/c1111·2 - -QH3 - .o W/cm·z QH4 - .0 W/cm'2 QH3 = .0 W/cw!'2 QH( - .o W/ctln - - -
c p HPl MP2 HP3 HP4 HP5 c p HPl HP2 HP3 HP4 HPS 
11111 c c c c c u c c c c c 
11. 00 294.02 293.636 293.69 293.69 294.0 11.00 296.30 296.008 296.0H 296.06 296.3 25.20 293.61 293.915 294.02 293.59 293.9 25.20 296.10 296.274 296.44 296.01 296.2 33.40 294.00 293.370 293.83 293.54 293.9 33.40 295.27 295.142 296.23 295.94 296.3 55.40 294.04 293.612 293.73 293.64 294.1 55.40 296.29 295.984 296.13: 296.03 296.4 ~ .j>. 66.60 294.48 293.709 293.81 293.98 294.2 66.60 296.69 296.032 296 .15· 296.32 296.5 .j>. 81.00 294.78 294.242 294.39 294.05 294.3 61.00 296.81 296.419 296.69 296.40 296.7 95.30 294.65 294.655 294.44 294.48 294.7 95.30 296.69 296.783 296.66 296.76 296.9 109.10 294.97 294.630 294.63 294.53 294.6 109.70 296.95 296.686 296.81 296.11 296.9 
12t00 294.44 294.485 294.41 29~.22 294.3 124.00 296.42 296.517 296.54 296.35 296.4 138.40 294.65 294.436 294.58 2H.07 294.3 138.40 296.61 296.468 296.64 296.15 296.3 152.70 29 4. 22 294.218 294.12 294.22 293.9 152.70 296.18 296.117 296.10 296.18 295.9 
l63. 90 293.76 293.903 293.83 293.76 294.1 163.90 295.72 295.814 295.14 295.64 296.0 185.90 293.78 294.024 294.00 293.95 294.0 185.90 295.74 295.911 295.89 295.81 295.9 
194.10 294.07 293.9152 293.85 293.88 29(.0 194.10 296.06 295.887 295.77 295.79 296.0 
208.30 294.07 293.782 293.81 293.90 294.1 208.30 296.03 295.142 295.14 295.79 296.0 
230.30 293.93 294.073 294.15 293.81 294.1 230.30 295.91 296.008 296.08 295.72 296.1 
241.50 294.32 294.000 294.05 294.02 294.1 241.50 296.30 295.984 296.03 296.03 296.1 
255.90 294.58 294.097 29~.46 . 294.27 294.1 255.90 296.52 296.105 296.54 296.37 296.2 
270.20 294.78 294.533 294.46 294.32 294.5 270.20 296.11 296.589 296.56 296.47 296.7 
284.60 294.75 294.485 294.27 294.36 294.7 284.60 296.11 296.541 296.42 296.54 296.9 
298.90 294.92 294.~85 294.42 294.36 294.3 298.90 296.93 296.565 296.60 296.64 296.6 313.30 294.44 294.388 294.36 294.15 294.2 313.30 296.52 296.565 296.64 296.49 296.5 327.60 294.44 293.927 294.15 293.98 293.8 327.60 296.56 296.226 296.52 296.37 296.1 338.80 294.12 293.8.79 293.56 293.71 293.9 338.80 296.35 296.250 295.96 296.10 296.2 
06:22:51 JOL09,1987 H297.DAT TA:B. A8.3 08:45:49 JUL09,1987 H29B.DAT TAB. A8.4 
TKGKNA 2 - WALL TKHPERATORKS TKGKHA 2 - WALL TKHPKRATURKS 
CHANNKL PKRIHKRTER HPl/2/3/4/5 CHARKKL PKRIHERTKR HPl/2/3/4/5 
TBI : 297.2 c DTC - .0 K TBI :.297.9C DTC : .0 K -OB - 1.95 m/a Re : 60287. UB - 3.87 m/a Re =120048. - -QH1 - .0 W/cm'2 QH2 : .0 W/cm'2 QHl : . 0 il/cm·z QH2 - .0 W/cm'2 -
-QH3 - .0 W/cm·z QH4 : .0 W/cm·z QH3 : .0 W/cm'2 QH4 - .0 K/cm·z -
-
c p HPl HP2 HP3 HP4 HP5 c p HPl HP2 HP3 HP4 KP5 
111 c c c c c 1111 c c c c c 
11.00 297.04 296.842 296.92 296.94 297.2 11.00 297.88 297.660 297.73 297.78 298.0 25.20 296.89 297.097 297.30 296.87 297.1 25.20 297.73 297.926 298.12 297.76 298.0 33.40 297.06 296.576 297.06 296.79 297.2 33.40 297.88 297.394 297.90 297.66 298.0 55.40 297.07 296.794 296.94 296.84 297.3 55.40 297.8 4 297.588 297.76 297.71 298.2 66.60 297.42 296.818 296.96 297.13 297.3 66.60 298.17 297.539 297.13 297.95 298.2 ~ ~ (]1 81.00 297.50 297.133 297. 4 0 297.13 297.4 81.00 298.17 297.830 298.14 297.86 296.2 
95.30 297.35 297.496 297.38 297.50 297.7 95.30 298.02 298.168 298.10. 298.19 296.4 
109.70 291,62 297.424 291.52 297.50 297.6 109.70 298.29 298.0H 298.19 298.19 298.3 
12(. 00 297.18 297.278 297.33 297.16 297.2 124.00 297.83 297.975 298.05 297.88 296.0 
138.40 297.42 291.303 291.47 297.04 297.2 138.40 298.12 298.023 296. 2( 297.76 298.0 
152.70 297.13 297.133 297.04 297.13 296.8 152.70 297.93 297.926 297.85 297.95 297.7 
163.90 296. 7 0 296.867 296.17 296.65 297.1 163.90 297.56 297.684 297.61 291. 51 298.0 
185.90 296.77 296.939 296.94 296.84 297.0 185.90 297.61 291.761 297.78 297.71 297.9 
194.10 297.08 296.915 296.82 296.82 297.0 194.10 297.93 297.757 297.66 297.68 297.9 
208.30 297.04 296.746 296.75 296.84 297 .l 208.30 297.83 297.563' 297.61 297.11 298.0 
230.30 296.84 296.988 297.08 296.72 297.1 230.30 291.66 297.805 297.93 297.56 298.0 
241.50 297.16 296.915 296.96 296.96 297.1 241.50 297.93 297.684 297.76 291.16 297.9 
255.90 297.33 296.939 297.35 297.21 297.1 255.90 297.97 297.660 298.07 297.95 297.9 
270.20 297.45 297.351 291.33 297.25 297.5 270.20 298.12 298.047 298.05 297.97 298.2 
28(. 60 297.40 297.254 291.13 297.28 297.7 284.60 298.05 297.926 297.83 298.00 298.4 
298.90 297.59 297.327 297.34 291.35 297.4 298.90 298.24 291.975 298.01 298.05 298.1 
313.30 291.18 297.278 297.35 297.21 297.3 313.30 291.83. 297.999 298.10 297.97 298.1 
327.60 297.30 296.963 297.25 297.16 296.9 327.60 298.05 297.733 298.05 297.97 297.8 
338.80 297.08 297.012 296.75 296.92 297.1 338.80 297.88 297.805 297.59 297.76 297.9 
-146 
TE3ENA 1 NALL T~MfERATURE TRB. A9.1 
,"04Q12A. DAT 
RE = 60. 1E+03 FE =352.36 
UB = 1.91 U1iS! QHI = 5ü.35 (W/CW·2i QH3 = 49.36 IN/CH~2) QH4 = 50.71 !N/CMA2) 





3~ .. 41) 
::~~~. 40 


















~r27 I f,(l 
338' 8(i 
"')C:Q 1'·1 
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277 I ~~s 
2B4.60 
2:30.64 
TEGENA I WALL TEMPERATURE 
F04Q12B.DAT 
F:E = 60.2E+03 PE =353.01 
UB = 1.92 IM/SI QH3 = 48.43 IN/CHA2) 
TEN =257.76 ICI 
QHl = 49.39 



















230 0 .3i) 























262 I ~~2 
264.95 
262.04 
















































2S'~' I 32 
299 I 3~/ 
















































MS = 3,12 O<S/S) 
QH2 = 49.96 !WICKA2) 
NB =395.50 IKNI 



















































34 ~. 84 
337.3! 
TAB. A9.2 
MS = 3.12 IKG/Sl 
OH2 = 49.(11 \W/CW·2) 
NB =388.00 IKWl 

















































2·4 4' 64 
3~7.21 
TEGENA 1 WALL TEHPERATURE 
DT=IOOIKl 
W031ll20. DIH 
RE = 23.8E+03 PE =139.39 
UD = 0.76 IH/SI OHl = 20.23 
QH3 = 19.86 IW/CMA2) OH4 = 20.37 



























































































HS = 1.23 !KG/SI 
DH2 = 20.07 IW/CNA21 
NB =158.95 IKWI 















































































TEGENA 1 WALL TEHPERATURE 
DT=IOOIKI 
H03Al30.Dr!T 
RE = 37.6E+03 
UB = 1.18 1~1/Sl 
QH3 = 30.04 UJ/CW'2l 
TEN =266.41 ICl 
PE =217.20 
QHI = 30.63 
OH4 = 30.82 
























































































~S = 1.91 IKG/Sl 
!W/CH"2l 11H2 = 30.40 IW/Ct1"21 
Hl/CW'2l ND =240.61 !KWI 






















































































RE = 48.9E+03 PE =282.39 riS = 2.49 (I(G/SJ 
UB = l. 53 IMiSJ OH1 = 39.22 !lUCW·21 QH2 = 38.96 ll4/CW·2) 
QH3 = 38.48 U4/CW2l OH4 = 39.50 (~I/CI1"'2l NB =308.24 lKVIl 






































































































































































TEGENA I WALL TEHPERATURE TAB. A-10.'+ DT=IOOIKl 
l403AJ 50. DAT 
RE = 62.2E+03 f'E =~·56.43 HS = 3.14 OJi/Si 
UB = 1.93 IH/SI 
OH3 = 49.13 (N/CMA2l 
TEN =270.72 !Cl 
Olll = ~0.14 l\VCW-21 QH2 = 49. 7f:, (W/CW·2) 
0114 = 50.46 IVJ/C~1"'2l NB =393. 77 (KWl 









































































































































TEGENA 1 ~lALL THIF'ERIHURE TAB. A{0.5 Df=lOO<Kl 
W03Al6D.DAT 
RE = 76.1E+03 PE =437 .15 NS = 3.85 <KG/Sl 
UB = 2.37 (11/Sl QHl = 60.49 lW/CH"2l QH2 = 59.94 tW/CW·2J 
QH3 = 59.23 !W/CW2l QH4 = 60.88 l~I/CW'2l NB =474.78 (I(Wl 
TEN =269.63 <Cl TliS =364.15 lCl TNH =316.02 (Cl 
CP HEO HEl ~1E2 ME3 NE4 ~1E5 
tNHl !Cl <Cl lCl (Ci lCl {Cl 
11.00 275.28 292.17 310.05 328.11 347.82 
25.20 271. 18 277.32 296.85 316.41 335.61 356.14 
33.40 274.16 290.50 309.42 328.71 348.85 
55.40 272.96 291.37 310.07 328.76 349.23 
66.60 277.37 297.38 319.34 339.54 359.73 
80.95 271.28 273.77 290.91 312.55 333.31 353.85 
95.30 276.23 297.00 317.01 337.38 357.35 
.,.. 109.65 273.25 288.41 307.b8 327.90 345.27 (0 
124.00 275.60 293.60 314.00 334.37 355.52 
138.35 271.25 273.% 289.19 308.82 329.07 350.23 
152.70 277.06 296.51 316.24 337.24 355.57 
163.90 274.28 291. 16 309.15 327.73 347.27 
185.90 274.13 290.48 308.16 326.7(1 346.37 
194.10 271.18 276.91 295.25 313.61 332.67 352.90 
208.30 273.96 289.36 308.00 326,31 346.30 
230.30 273.64 290;28 308.96 327. !1 347.44 
241.5(1 276.47 297.60 317.80 337.31 357.11 
255.85 271.45 273.86 290.38 311.20 331.69 351.47 
270.20 275.11 294.26 314.46 335.64 356.16 
284.55 272.84 288.17 307.20. 327.39 347.16 
298.90 275.55 292.71 311.69 333.29 352.71 
313.25 271.21 273.64 288.85 307.01 327.49 348.63 
327.6(1 277.40 297.58 316.36 336.14 355.35 
338.80 274.25 291.98 309.76 328.54 348.11 
TEGENA 1 WALL TEHPERATURE 
DT=751KI EXP 1 
W05A075.DAT 
RE = 30. 7E+03 PE =184.46 
TA:S. A11.1 
MS = 1.64 IKG/51 
UB = 1.00 IH/Sl 
QH3 = 19.79 IN/CHA21 
TEN =254.92. ICJ 
OH1 = 20.22 IW/CMA21 DH2 = 20.02 IW/CMA21 






































































































































































TEGENA 1 WALL TEHPERATURE 
.. DT=75\Kl EXP l TAB. A .2 
1l05A075. DAT 
RE = 46.8E+03 PE =279.06 
UB = 1.52 IH/Sl 
DH~ = 29.46 IW/CMA2l 
TEN =260.06 !Cl 
OH! = 30.06 IW/CHA2J 
OH4 = 30.23 IH/CHA2J 

















































































































MS = 2.d8 IKG/Sl 
OH2 = 29.80 IH/CHA2l 
ND =235.99 IKNl 
























































TEGENA 1 WALL TEMPERATURE 
DT=751KI EXP 1 
fi05A075. DAT 
TAB. A11.3 
RE = 63.lE+03 PE =373.63 MS = 3.31 {KG/51 
UB = 2.03 IM/SI Qfll = 40.22 IW/CM''2l QH2 = 39.91 lW/CI'nl 
Qfß = 39.46 IW/CW·2J Qll4 = 40.47 lWJCM-''2) Nß =315.93 lKWl 


















































































































































TEGENA 1 WALL TEMPERATURE 
DT=75!Kl EXP 1 
W05A075.DAT 
TAB. A11.4 
RE = 79.7E+03 PE =472.15 HS = 4.19 IKG/51 
UB = 2.57 IM/SI QHl = 50.21 IW/CMA21 DH2 = 49.79 IW/CHA21 
QH3 = 49.22 IW/CMA2) QH4 = 50.52 lW/CHA2J NB =394.25 IKWI 







































































































































































TEGENA J WALL TEHPERATURE 
DT=75 !KJ EXP 2 TAB. 
W05B075.DAT 
fiE = ~.0.4E+03 PE =184.16. H5 = 1.64 IKG/51 
UB = 1.00 IN/Sl QHl = 20.06 IW/CH-''2) QH2 = 19.85 IW/CW·21 
QH3 = 19.62 (H/CHA2) QH4 = 20.16 IN/CHA2) NB =157.31 IKWI 



























HEl HE2 HE3 HE4 ME5 
!Cl !Cl !Ci !Cl !Cl 
258.13 271.89 286.09 300.49 316.34 
258.40 273.41 288.59 303.17 319.30 
256.95 270.82 285.60 300.44 316.46 
256.51 271.16 286.01 300.92 317.06 
258.47 273.48 289.87 305;80 321.51 
2~6.90 271.36 287.57 303.27 319.04 
258.06 273.55 289.92 305.85 321.66 
256.44 270.28 286.55 302.06 315.52 
258.01 272.87 288.90 304.60 320.31 
256.98 270.38 286.14 301.77 317.69 
259.43 274.31 289.17 305.10 319.69 
257.44 271.58 285.55 300.27 315.98 
257.54 271.55 285.43 300.12 315.59 
259.16 273.48 287.81 302.61 318.51 
256.76 270.23 285.19 299.81 315.81 
256.93 270.97 285.84 300.00 316.24 
258.33 274.41 290.02 304.84 320.70 
256.59 271.36 287.69 302.78 318.00 
257.88 272.87 288.22 303.99 319.81 
256.05 268.60 284.41 299.88 316.44 
258.13 272.50 287.91 303.99 319.04 
256.90 271.70 287.11 302.54 318.29 
259.53 275.23 290.04 305.20 319.93 
257.35 271.94 285.89 300.68 316.08 
TEGENA 1 WALL TEMPERATURE 
DT=751Kl EXP 2 TAB. A12.2 
ii05D075. DAT 
RE = 47.6Et03 PE =282.82 t!S = 2.51 IKG/51 
UD = 1.54 !H/Sl QHI = 30.40 IW/CHA2J QH2 = 30.14 IW/CHA2J 
QH3 = 29.80 (N/CM~2J QH4 = 30.58 IW/CMA2J NB =238.68 IKWI 



























































































































































268.42 284.03 298.66 313.85 328.11 




TEGENA 1 WALL TEMPERnlURE 
DT=751Kl EXP :;:: TAB. A12.3 
W05B075.DM 
RE = 63.9E+03 PE =377.09 HS = 3.34 IKG/SI 
UB = 2.05 IM/Sl QHl = 40.16 IW/Cti-'2) QH2 = 39.86 <Vl/CW·2) 
QH3 = 39.40 IW/CI1''21 QH4 = 40.43 !W/Cif'2l NB =315.52 '!KWI 



































































































































TEGENA 1 WALL TEMPERATURE 
DT=751Kl EXP 2 
P105D075. DAT 
TAB. A12.'r 
RE = 80.2E+03 PE =471.12 HS = 4.17 IKG/Sl 
UB = 2.56 IM/SI QHI = 50.b2 IW/CMA2) DH2 = 50.25 IW/CHA2J 
QH3 = 49.~1 IN/CM~21 QH4 = 50.95 IN/CHA21 NB =397.59 IKWI 
TEN =267.70 !Cl TAS =339.83. ICI TNM =303.47 ICI 
CP r1EO 
!NMI !Cl 





























































































































































17:25:17 JUL10,1987 M336.DAT TAB. A13.1 06:05:43 JOH22,1987 H094.DAT TAB. A13.2 
TKGKHA 2 - WALL TKHPKRATORKS TKGKNA 2 - WALL TKHPHRATURKS 
CHANNKL PKRIHKRTKR HPl/2/3/4/5 CHINNHL PKRIMKRTKR HPI/2/3/4/5 
iBI : 311.7 c DTC - 97.1 K TBI : 296.0 c DiC - 78.2 K - -
UB : 1.97 1/B Re : 68143. UB : .98 1/8 Re : 32438. 
QHl : 51.5 W/cm·z QH2 : 51.4 W/cr:2 QHl .- 20.8 W/cm·2 QH2 : N.8 W/c;·2 
QH3 : 51.1 H/cm·z QH4 - 51.4 Wjc1·2 QHl : 20.6 W/cm·z QH4 : 20.8 W/c;·2 -
c p KP1 HP2 KP3 KP4 HP5 c p KP1 HP2 HP3 HP4 KP5 
n c c c c c II c c c c c 
11.00 315.80 334.169 353.39 372.86 393.0 11.00 301.64 316.550 330.80 345.82 362.4 
25.20 318.52 338.911 359.31 378.87 399.2 25.20 301.76 316.529 331. 3 0 347.20 36t5 
33.40 315.34 333.834 353.49 372.50 393.0 33.40 300.60 313.057 328.11 344.05 361.5 
55.40 315.43 334.672 353.34 372.67 393.8 55.40 300.76 313.587 328.61 344.88 362.4 ~ 
66.60 319.36 338.620 358.82 380.20 401.5 66.60 300.U 314.672 331.87 349.99 367.4 ()1 .". 
81.00 314.91 331.318 351.84 373.12 394.8 81.00 299.,BJ 313.347 330.68 348.42 366.0 
95.30 316.91 335.270 356.82 379.01 400.4 95.30 299.44 J,1S.935 335.01 353.25 370.4 
109.70 314.72 331.150 351. 61 372.95 393.1 109.70 300.79 316.646 334.03 351.28 367.4 
124.00 316.88 337.855 360.19 381.12 401.4 124.00 300.50 319.943 338.29 354.90 371.1 
138.40 315.10 334.456 356.25 317.26 396.3 138.40 301.35 319.029 336.09 351.68 367.7 
152.70 318.69 340.796 361.86 382.53 402.1 152.70 302.58 320.760 336.14 351.49 366.8 
163.90 314.55 333.594 353.03 372.58 393.1 163.90 300.53 316.622 330.27 . 344.84 361.1 
185.90 315.20 334.049 352.99 372.65 392.5 165.90 301.78 316.285 329.74 344.43 360.3 
194.10 318.47 338.763 357.75 317.73 397.6 19t 10 302.94 316.357 330.41 346.03 362.5 
208.30 314.88 332.300 350.37 369.38 390.0 208.30 300.45 311.828 325.73 341.68 359.2 
230.30 315.17 332.780 351.08 369.92 391.4 230.30 300.09 312.238 326.17 342.43 360.5 
241.50 317.99 335.725 356.49 377.31 399.0 241.50 299.66 312.961 329.93 347.39 365.5 
255.90 314.09 329.544 349.75 371.15 393.1 255.90 298.95 311.913 328.81 346.51 364.3 
270.20 315.97 334.648 354.91 376.50 398.7 270.20 299.15 315.466 332.76 350.66 368.6 
284.60 313.68 329.951 350.03 370.94 392.0 284.60 299.39 315.250 332.07 349.20 366.4 
298.90 316.42 336.946 357.92 378.89 399.4 298.90 300.28 319.245 336.46 353.66 370.1 
313.30 314.33 332.085 353.37 374.66 395.3 313.30 301.06 318.523 335.42 351.37 367.3 
327.60 318.73 338.883 360.48 380. H 401.1 327.60 303.72 320.568 336.45 351.97 368 .I 
338.80 315.51 334.815 353.32 372.84 393.6 338.80 301.23 316.911 330.92 346.22 362.8 
10:31:07 JUH15,1987 HOBO.DAT 
TKGKKA 2 - WALL TKIIPKRATURKS TAB. A 13.3 
CHANHEL PKRIHKRTKR KPl/2/3/4/5 
TBI : 293.3 c DiC : 81.8 K 
UB 
= 
.48 m/s Re : 15958. 
QHl : 10.8 W/cm·z QH2 = 10.7 W/cm"2 
QR3 : 10.7 H/cm·z QH4 : 10.7 W/cm·z 
c p IIPl IIP2 IIP3 IIP4 IIPS 
n c c c c c 
11.00 302.26 313.990 329.54 346.98 365.9 
25.20 300.28 315.713 331.15 348.74 367.5 
33.40 298.80 311.725 329.71 341.48 366.1 
55.40 297.99 312.689 330.45 348.31 366.8 
66.60 297.54 314.161 333. H 352.18 369.8 
81.00 291. 42 31U54 333:95 351.91 369.3 
95.30 298.15 318.300 336.61 354.75 371.9 
109.70 299.41 318.180 335.70 353.13 369.5 
l2UO 300.01 319" 334 336.87 35U6 371.0 
138.40 301.(9 316.712 333.78 350.96 368.6 
152.70 302.99 314.400 331.72 350.34 367.9 
163.90 300.91 311.363 327.58 345.86 36U 
185.90 300.16 311.508 327.53 3{5. 52 36U 
194.10 299. 46 312.304 329.04 34 7.07 365.1 
208.30 297.35 310.929 328.29 346.07 364.1 
230.30 296.17 312.183 329.64 346.67 365.5 
2H.50 296.84 31U76 332.85 350.29 368.6 
255.90 297.16 3H.HB 332.92 35U9 368.1 
270.20 291.93 311.025 335.12 352.91 370.9 
28UO 298.73 316.784 334.31 351.72 369.5 
298.90 300.18 319.094 336.32 353.56 310.8 
313.30 300.28 317.939 33U2 351.39 368.7 
327.60 303.16 311. 6H 333.83 351.17 369.0 
338.80 302.55 314.809 329.71 347.38 366.2 
09:53:43 JON16,1987 11082.D!T 
TKGKHA 2 - WALL TKHPKRATORKS 
CHAHHKL PKRIHKRTKR IIPl/2/3/4/5 
TAB. A13.4 
TBI = 288.2 c DTC : 68.3 K 
OD = .24 JJ/B Re = 7983. 
QH1 : 5.8 W/cm·z QH2 : 5.8 W/cm·z 
QH3 = 5.8 W/cm·z QH4 : 5.8 W/cm·z 
c p MP1 IIP2 IIP3 IIP4 I!P5 
111 c c c c c 
11.00 295.14 311.069 329.44 348.81 368.9 
25.20 29U8 312.756 330.83 349.67 369.6 
33.40 29U7 310.972 330.04 348.88 368.7 
55.40 293.92 311.696 330.38 349.36 369.1 
66.60 294.22 , 313.310 332.27 351.43 370.3 
Bl.OO 29U7 313.335 332.41 351.00 369.6 
95.30 295.50 31U76 333.49 352.50 370.9 
109.70 296.47 313.840 332.65 351.43 369.1 
12UO 296.45 313.720 333.30 352.10 310.3 
138.40 295.67 312.130 332.03 350.74 369.5 
152.70 294.44 311.358 331.43 351.29 369.6 
163.90 293.23 309.356 329.03 348.88 36U 
185.90 293.13 309.694 328.86 348.71 368.1 
19L 10 293.35 310.755 329.54 349.36 369.0 
208.30 292.43 310.707 329.10 348.36 368.4 
230.30 292.55 311.623 329.90 . 348.48 .368.7 
241.50 293.69 313.286 331.62 350.34 370.1 
255.90 29U7 313.214 331.81 350.14 369.3 
270.20 295.04 31U04 332.94 351.31 370.7 
28UO 29U7 31U33 332.15 350.43 369.6 
298.90 295.70 31U83 333.12 351.55 370.2 
313.30 295.24 313.503 332.15 35U5 369.3 
327.60 296.16 313.117 331.93 350.86 369.9 
338.80 295.29 311.454 329.44 349.02 368.9 
20:02:16 JUN16,1987 1!085.DAT 
TKGKNA 2 - WALL TKMPKRATORKS TA:B. A135 
CH!HNKL PRRIMKRTKR HPl/2/3/4/5 
TBI : 280.2 c DTC : 116.8 K 
OB = .11 m/s Re = 3732. 
QHl : 3.6 H/cm·z QH2 = 3.5 W/cm·z QH3 : 3.5 W/cm·2 QH4 : 3.5 W/cm"2 
c p HP1 IIP2 IIP3 KP4 KP5 
llllil c c c c c 
11.00 286.41 311.194 335.99 360.19 385.6 
25.20 286.78 311.883 336.99 360.67 385.9 
33.40 286.70 311.483 336.39 360.14 3BU 
55.40 287.15 312.110 336.46 360.43 385.6 
66.60 288.33 312.881 337.23 361.66 385.9 
81.00 288.91 312.640 337.04 360.95 385.1 
95.30 289.76 313.773 337. 49 361.83 385.6 
109.70 290.49 313.267 331.09 361.09 38U 
12UO 290.76 31UH 337.78 36U5 385.0 
138.40 290.90 313.556 337.52 360.76 38L 7 
152.70 290.64 313.387 337.61 361.41 38U 
163.90 289.76 311.965 336.42 360.05 38U 
185.90 289.86 311.941 336.39 360.22 38U 
19L 10 290.30 312.303 336.49 360.6( 38U 
208.30 289.51 311.724 335.70 360.17 384.6 
230.30 289.32 312.206 336.18 360.22 38U 
241.50 289.62 312.857 336.58 361.09 385.6 
255.90 289.18 312.!96 336.37 360.64 38U 
270.20 288.82 313.267 336.85 361. H 385.7 
28UO 288.26 m.w 336.23 360.52 385.1 
298.90 288.06 312.857 337.05 361.24 385.4 
J13. 30 287.16 312.255 336.82 360.64 385.0 
327.60 286.87 312.230 337.18 361.24 385.6 




TEGEiiA 1 FLUlD EHPEF:i< TUF:E 
ftl H A PF:DBE 2 TAB. A1Lf. 
F(,~Gl2A.DAT 
F:E = 60.4~+(!3 F'E =354.(18 
UB = 1.92 IH/SI QH3 = 49.24 IN!CM"?I 
f!H1 = 50.23 (~/CH"21 









j 4' 57 
15. (!9 
15. b l 
1 [,' 13 
16. t:? 
17 I 19 
j 7. 7(1 
! t'. 21 
18.72 








t' ü 1 
j 0. 74 
11. 73 
12.74 
1 : .. 26 
11 "'!C• 
J •.1 , I U 
14. ~.(: 
: 4. ('4 
15. 2.6 
l =~I E:7 
1 t.. ~.8 
16. f'S' 
1 i. E:6 
15.84 
19.79 
QH4 = 50.59 iW/CM'2l 





















~.t,t_, I 60 
TE22 
I Ci 





































IES~N?: 1 FLUID EMF'EFJ:TUF:E 
LdF\ B F'F;D8E 2 
f!:,4G m:. l!hT 
FE = 60. jE+(,~. FE =352.52 
I'" -'I..' = 1. 91 \M/S) QH1 = 49.38 W/CW'2l 
t;l..;? 
t:'h.' = 48.42 \~!CW2l OH4 = 4 s·. 74 W/CW2i 
TEN =257.~'8 ([j X21 = 86. S'7 HMI 
\'~1 Y:4 TE21 iE22 TE23 
iMMl \HM) (Cl (r' cl (Ci 
2L t.5 !C• C•t; J loL.'J. 363.33 363. (i9 370. 15 
20.76 18.\3 36t .. 29 3t.5. 77 372.45 
1 ~·. 8() 17. ~·7 ;'.7(1, 46 37(1.54 375. 11 
19.81 17' )'8 369.77 370.78 ::75.33 
1 t:. E:4 i 7' (ij 373.3(1 372.48 ~.76. 59 
i t: . . j2 16.49 374.85 375. (II) 37L '/6 
17,81 15. ~s 375.2(1 ~75,71 376.68 
17. ~.(1 !5.~7 375.~6 376.05 n5,)'8 
16.79 1l' S'6 2·75.75 :m. 19 -:: 71.:'. ß .... , ... , 
1 b. :·6 1 ~. 43 ?.76.82 3/f .. 94 374.48 
15.74 13. ~1 375. S'4 ~~76. 42 373. 13 
::.. 21 13.38 375.21 376. 18 ~.72.36 
14' :.e. 12. i::5 ~~75. 14 ~./:1, j(i ~.70. 18 
l ~ .. t.6 11' 83 371.56 ~.71.59 ~.6: •. 44 
1:::' .~,8 "' ,:.t:. .~· ' \..' .... :.6ß, i'4 ~.68. 11 ::.62. :j4 
!(•, 7~' E'. s·t. 362. :·4 .362. 21; .~.:~6. S'7 
f;' f,t. 7 i.":; !o\'·.J ~.:!tt. 12 ·n:c e-r ....... t,._;, ... ;,J 2.51. :·a 
t.E3 5.0(1 ~50.~3 ~5(1,35 :.~ut. 
I 'i') 
'-;o/J. ~. BS' ~.43.S'9 :.44' 6(1 :'·4 i' 18 ~.t9 (i' t;t. :qj. :·s :.41. 1(1 :.4(>, 1":! J·.• 
MS = ~ .. 13 
QH2 = 49.84 
lW =394. 56 












~.7t .. l8 
376. 8~' . 
37t, I t;5 
~.ft.,35 






F.S = 3.12 QH2 = 49.00 
f~B =387.95 



















.35(! I 79 
34~1 • :1 
:.41' (1(! 


















49 I t.S 
4 9' 41 
49' 42 
4i'' 21 















.'J, .. •r 
49.48 







~C· ,,, i 7 
4;·, 21 
J, 0 ,.·i 
,,,,:.1 
·~ "' ~ '' ,'•ö 






































48' f: 1 
48.88 
4E:,97 












49' 4 7 
49' 44 













































4 9' 45 
4 ~·' 47 








h C• 7' 
•ltllf 
49.83 
4 9' 64 
to n 





4S' I t·8 
~ 9 I 51 




4 ~~I S'8 




1 c·~ I Ii. 
1' 1'3 

























1. t•'J ,. 
1 Q'> 
' .. 
1. )' 1 
1. 7' 1 
1. ~· 1 
U1 
1. s 1 
1. {)') ,. 
J. t•IJ ... 
l. C•'i ,. 
L ~2 




















~5~ .• 58 
354' 13 











TEGEtlA l FLUID TEHPERATURE TAB. A16 DIR f1 PROBE 52 
FOhLNSii. DA1 
RE = 61. 3E+03 PE =.360. 31 Ms··= 3.19 iU1/Sl UB = 1. 96 (M/Sl 0111 = 51.01 !W/crl'·2l QH2 = 50.59 (W/CW2l 
Qfß = 50.02 (W/CW·2l QH4 = 51.37 (~I/CW'2l 148 =400.67 !nD 
fEN =256. 55 ([) Y2l = 2.68 !MMl Y24 = ü.85 (HMl 
X21 X''" TE21 TE22 TE23 TE24 OH! OH2 Qfl3 QH4 TNO TNH UB PE '-'-(r!l1) !HMl !Cl !Cl !Ci !Ci (W/CW'2l lt~/CW·2) !W/CH''2l !W/CW·2l !Cl !Ci !ti/Si 110.98 112.81 ~.39. 65 336.50 335.04 337.84 51.01 50.59 50.02 51.37 350.8(1 303.67 1.96 360.31 JOB.95 110.78 344.39 340.12 338.06 341.50 51.11 50.68 50.11 51.47 350.96 303.73 1. 96 360.14 106.98 !üB. BI 349.14 344.64 ~.41.63 345.43 51.07 50.65 50.08 51.44 350.85 303.59 L 95 ~.59. 78 105.04 106.87 353.47 349.43 345. 1>2 348.94 50.99 50.57 49.99 51.34 350.71 303.59 L 96 360. 15 103.03 104.86 357.05 ~\54. 32 349.48 351.58 51.09 50.b7 50.09 51.45 351.1 s· 303.90 1. 95 359.64 102.01 103.84 357.24 355.86 350.t.7 352.09 51. OB 50.b5 50.08 51.44 351.29 304.07 1. 96 360.10 11)0.99 102.82 357.29 356. ~·s 351.48 ~;52.13 50.94 50.52 49.95 51.30 350.41 303.44 1.96 ~.6(1. 89 99.96 1 (I J. 79 356.71 357.55 352.01 351.52 51.04 50.62 50.05 51.41 350.93 303.77 I. 96 360.32 98.95 100.78 355~62 357.57 352.16 351. 09 51.19 50.77 50.19 51.55 350.76 303.53 1.96 360.73 97.96 99.79 353.87 356.48 351.39 2·49. 7(1 51.19 50.77 50.20 51.55 350.36 303.17 1. 96 361.04 96.99 98.82 351.69 355.08 350.43 348.19 51.15 50.74 50.16 51.52 351.17 303.83 1. 95 ::59.71 95.04 96. B7 347.89 35!. 70 :m.n 345.17 . 51.20 50.78 50.21 51.57 351.03 303.71 1. 96 360.17 93.03 94.86 344.46 ~.47. 63 345.28 342.62 5!. 26 50.84 50.27 51.63 350.94 303.58 1. 96 360.23 90.99 92.82 341.77 343.94 342.28 339.89 51.21 50.79 50.22 51.58 350.?5 303.60 1. 96 360.05 ~ s8. s·s 90.78 339.80 341.55. 340.06 338.60 51.25 50.82 50.25 51.61 ~.50. 78 303.43 1. 96 360.26 (]1 
-.J 86.99 BB.B2 339.65 339.68 338. :.s 338.39 51.37 50.94 50.36 51.73 ~:so. ss 30~ .. 53 1.96 36!.10 85.03 B6.86 340.75 339.62 338.26 339.21 51.37 5o. s·s 50.38 51.74 350.85 303a :;2 1.% 361.26 8}.02 84.85 342.46 34(1. ;r) 338.8(1 340.26 51.09 50.67 50.10 51.46 350.45 303.211 1. 96 360.35 BfJ.9B 82.81 345.24 ~·42.92 340.51 342.58 51.11 50.69 50. 11 51.47 ~.51. 06 30~ .. 84 1. 96 ~.60. 33 78.94 80.77 347.90 345.40 342.21 344.41 51.01 50.59 50.(;2 51.38 350.95 303.72 1. 95 359.49 76.97 78.80 350.58 347.89 344.60 346.43 50.93 50.51 4~·. 94 51.30 Wl.35 31ß.31 1. 96 2.60. ~.5 75.02 76.85 352.81 351.07 346.72 347.87 51.00 50.58 50.01 51.36 350.95 303.75 l. 95 35S'. 69 74.02 75.85 :.53.15 2.52. 26 347.52 348.16 51.12 50.7{; 50.12 51.48 350.75 303.58 J. 96 2·60.69 73.02 74.85 353.13 353.26 348.28 348.40 51.06 50. t.4 50.06 51.42 350.59 303.37 1. 95 359.89 72.00 73.83 352.64 353.35 348.18 347.80 51.03 50.61 50.(!3 51.39 2.51). 47 303.30 1. 95 ~.59. 97 70.97 72. ß(l 351.34 352.96 347.86 ~.4o. s2 51.11 50.69 50.12 51.47 350.64 303.50 1.5'0 360.86 69.94 71.77 349.58 )52.33 347.48 345.68 51.20 50.78 50.20 51.56 350.82 303~57 1. 96 360.65 68.93 70.76 348.05 351.20 ~.46. t.6 344.22 51.1)0 50.58 50.01 51.36 350.33 303.19 1. 95 360.01 66.97 68.80 343.~'4 347.24 2·43. 74 ~·41. 02 51.09 50.66 50.08 51.44 350.48 303' 3.) U'6 360.51 65.01 66.84 340.35 343.27 340.90 338.62 '51.13 50.71 50.14 51.50 350.59 303.36 1. 96 360~25 63.01 64.84 338.33 339.95 338.63 331>.93 51.16 50.74 50.!6 51.51 350.76 303.45 1. 95 ~.59. 90 60.96 62.79 337.62 338.41 331!.62 "7"""C /C 51.07 50.65 50.08 5!. 43 350.26 303.12 1. 96 360.52 .._ •. ) • ..lo J .J 60.96 62.79 337.23 337.84 331!.59 335.80 51.14 50.72 50.13 51.49 350.59 303.42 1. 96 360.77 58.93 60.76 337.21 337.26 335.84 335.84 51.03 50.61 50.04 51.39 350.51 303.24 I. 95 359.24 5&.97 58.80 337.60 337.20 335.74 336.44 51. OB 50.66 50. (!9 51.45 350.52 303. ~.7' 1. 'i'6 360.58 55.02 56.85 339.38 337.87 336.54 337.53 51.03 50c6(i 50.03 5!.38 350.82 303 .. 54 1. 95 359.19 5~ .. 01 54.84 341.13 3~\9. 60 337.36 33ß.B3 51.12 50.7(1 50.13 51.49 350.52 303&25 1. 95 359.89 
TE6ENA 1 FLUID TEHPERATURE TAB. Af7 DIR B PROBE 52 
F06UJ5Et. DAT 
RE = b 1. OE+03 PE =358.29 HS = 3.17 !KG/Sl 
UB = 1.95 !H/Sl DH! = 50.48 !W/CW·2i QH2 = 50.06 U~JCW·2i QH3 = 49.49 !W/CW2l QH4 = 50.84 !~I/CW'2l NB =396.50 !Kvll 
TEN =256.41 (Ci Y21 = 2.68 !HHi Y24 = 0.85 !HHl 
X21 P" TE21 TE22· TE23 TE24 Qfll QH2 Qfß DH4 H!O TNM UEt PE LL (!1f1j tr·IHl !Cl !Cl !Ci !Cl (~J/CH'2l (!q/CI·f'2l !~I/CW·2J !W/CW·2J (Ci ([) (1'1/ s) 
5~ .. 00 54.83 ~.41. 7b 339.89 338.07 339.68 50.48 50.06 49.49 50.84 350.18 303.29 l. 95 358.29 54.94 56.77 339.41 3.38. 24 336.88 338.09 50.49 50.07 49.49 50.84 349.70 302.81 1. 95 358.23 56.89 58.72 337.84 337.29 ~·36. 39 ~.37. 07 50.58 50.16 49.58 50.93 349.86 ~.1)2. 97 1. 95 ~.58. 92 58.84 60.67 337.62 337.78 336.45 33t..60 50.55 50. !3 qD cc 50.91 349.77 302.86 l. 95 358.51 ),.j.j 60.87 62.70 338.03. 338.34 337.06 336.53 50.64 50.22 49. b4 50.99 350.00 303.01 1. 95 358.48 62.95 64,78 338.57 340.06 338.73 3"57. 35 50.62 50.19 49.62 . 50.97 350.07 303.11 1. 95 358.64 64.93 66.76 341.05 343.92 341. 18 339.62 50.61 50. 9 49.61 50.96 349.86 ~.(12. 96 l. 95 35'/. 01 6b. 89 68.72 344.22 348.01 343.84 341. 62 50.71 50.29 49.71 51.07 350.12 303.02 l. 95 358.24 68.85 70.68 348.71 351.58 ~.47.12 344.76 50.90 50.48 49.90 51.25 350.28 ~.iß.J9 1. 95 359.69 69.85 71.68 3H.67 352.19 347.32 345.30 50.92 50.50 49.93 51.29 350.30 303.24 1. 96 360.07 70.86 72.69 350.84 352.37 347.29 346.12 50.84 50.42 49.85 51.20 350.37 303.32 1. s·s 359.54 71.90 73.73 351.81 352.63 347.41 346.98 50.82 50.41 49.83 51.18 349.95 302.84 1. 95 358.93 72.96 74.n 352.30 352.22 347.23 347. ~.6 50.88 50.47 49.90 51.25 350.23 303.05 1. 95 ~.58. 88 ()' 73.96 75.79 352.59 351.69 346.94 347.57 50.86 50.44 49.87 51.22 350.49 303.39 1 .s·s 359.31) cc 74.94 76.77 352.33 350.96 < 346.53 347.76 50.97 50.54 49.97 51. ~.2 349.90 302.87 l. 96 360.56 7b.B9 78.72 350.57 348.02 344.42 34C..27 51. (II 50.59 50.03 51.38 350.57 303.28 1. 95 ~.59 .02 78.85 80.68 348.12 345.33 'Z,') L'"J 344.40 51.08 50.&5 50.07 51.43 350.89 303.54 l. 95 ~.59. 02 ... •J.j..._, U.L. 80.87 82.70 344.65 342.42 339.89 342.09 50.74 50.32 49.75 51.10 350.21 303.22 l. 95 359.37 82.96 84.79 342.12 ~.40.41 338. ~.4 340.04 50.91 50.49 49.93 51.28 350. II 303.06 1.96 360.1(1 84.96 86.79 340.47 339.23 337.88 338.74 51. (13 50.60 50.03 51. ~8 350.51 303.33 1. 95 35'1. 95 86.90 88. 73 339.77 339.38 338. 66 338. OB 51.21 50.78 5(1.21 :il. 57 350.69 303.49 1. 96 361.04 88.86 .. 90.69 339.14 340.44 339.16 338.02 50.78 50.36 49.79 51.13 349.94 302.9C. l. 95 359.62 90.88 92.71 340.78 343.10 341. 68 ~.39. 84 50.92 50.49 49.92 51.27 350.11 302.98 1. 95 359.41 92.96 94.79 343. 46 346.74 344.24 341.66 50.81 50.39 49.82 51.17 350.00 302.96 1. 95 359.38 94.96 96.79 346.76 350.58 346.89 344.47 50.79 50.37 49.80 51.15 349.83 302.90 1. 96 360.04 96.9(1 98.73 351.10 354.37 349.81 347.64 50.88 50.46 49.89 51.24 350.24 303.17 1. ~·5 359.78 97.87 99.70 353.29 355.92 351. OB 349.41 50.92 50.50 4'i'. 93 51.28 350.64 303.55 l. 95 ~.59. 87 98.86 100.69 355.25 356.90 351.45 350.44 50.91 50.5(1 49.93 51.29 349.97 302.94 1. 96 360.29 99.86 101.69 356.1<1 357.15 351.46 351.20 51.11 50.68 50.11 51.46 350.19 303.07 1. 96 360.89 100.88 102.71 357.00 356.69 351.26 351.84 51.02 50.59 50.02 51.37 350.31 303. 2.~ 1. 96 360.75 101. 91 103.74 357.37 ~.55. 78 ~·50. 58 351.84 51.13 50.7(1 50.13 51.49 350.78 303.56 1. 96 ~.60. 35 lü2.96 104.79 356.59 354.18 349.06 351. 39 51.04 50.62 50.05 51.40 350.70 303.49 1. 'i'5 359.85 104.94 106.77 354.01 349.84 345.81 349.12 51.13 50.71 50.14 51.49 350. 2·1 ~.03.1 B 1. 96 361.06 106.89 108.72 349.24 344.56 341.83 34 5. 50 51.25 50.83 50.25 51.61 350.54 303.24 .96 360.56 108.B5 110.68 344.67 340.42 338.2:) 342.05 51.25 50. 8.3 50.26 51.61 350.62 303.33 l. 96 360.68 110.87 112.7(1 340.1)4 336.47 335.18 33B.OO 51.!8 50.75 50.18 51.53 350.29 303.15 1. 96 361. 17 
lll : 31.66 •• m : 29.61 •• 15:19:25 JUL10, 1961 ßl32.DA! TAB. A18.1 m : 304.1 c IBO : 101.3 c 
Qß1 : 50.62 Wlcm'2 QH2 : 50.68 Wlco'2 
QBJ : 50.31 Nlcm'2 QB! : 50.10 Mlcm'2 mm 2 - FLOID mmmm 
MB : 399.1 kH m : 3.!3 kgla PBOBK 1 TK5P fLOCTUATI OHS 
D!C : 96.61 OB : 1.94 •I• 
Be : 66569. Pe : 361.0 
Yll !Cl! RMS!l TC12 R~512 m !C13 RMSI3 TC !I RMSH Y15 !CIS RMS!5 TB! m DTC QHI QB2 QH3 QH! 
•• c I c K .. c I c I BI c l c kgla I Mlc&2 Hlco'2 Nlce'2 Nlca'2 
28.11 387.45 1.13 396.15 .82 30.86 386.19 .65 385.9! .49 29.84 386.83 .10 304.13 3.13 96.59 50.82 50.60 5U1 5UO 21.78 389.59 1.51 391.16 .78 29.83 386.56 .85 386.13 .11 28.81 388.59 .99 305.03 3.12 95.82 suo 50.17 49.81 50.11 26.80 391.73 U9 396.95 .82 28.85 381.62 1.05 381.05 1.07 21.83 389.23 1.31 304.97 3.11 95.90 50.15 50.02 49.71 50.03 25.88 395.12 2.15 396.25 .83 27.93 390.34 1.41 390.25 1.!4 26.91 392.19 1.61 305.23 3.12 95.77 5D.20 50.06 49.71 50.09 21.96 391.65 2.l5 397.30 ' .85 21.01 391.89 1.16 391.19 1.83 25.99 395.33 1.93 305.22 3.12 95.9! 50,28 sus !9.81 50.16 23.06 !01. 41 2.12 396.62 .80 25.11 396.43 2.21 398.20 2.32 2U9 101.13 2.33 305.19 3.13 95.59 5UO 50.11 !9.86 50.16 20.97 m.zs 2.1! 395.77 .80 23.02 IOUO 2.50 !OU5 2.55 22.00 406.95 2. 51 304.96 3.11 96.03 5D.28 50.11 19.8! 50.16 19.88 !16.66 2.57 396.21 .81 21.93 409.18 2.71 401.82 2.72 2U1 411.12 2.64 30U2 3.12 96.01 50.42 50.27 !9.96 5U9 !Ul 418.99 2.20 396.63 .81 20.86 411.89 2.70 !11.96 2.66 19.84 !13.61 2.53 30U5 3.12 96.04 50.48 5U3 50.01 51.33 11.11 422.82 1.60 395.91 .89 19.82 416.80 2.!3 416.07 2.35 18.80 !18.49 2.10 305.12 3.13 95.71 5D.l! 50.21 !9.96 50,30 16.80 426.26 1.11 396.50 .89 18.85 420.10 2.12 420.4! 1.99 17.83 m.18 1.60 305.32 3.13 95.95 50,17 50.13 50.11 50.43 15.88 !26.25 .92 391.46 1.00 17.93 423.60 1.57 424.05 1.43 16.91 42U6 1.08 305.13 3.14 95.96 50.63 50.!9 50.18 50.50 JUS 425.83 1.35 391.16 .81 11.00 426.58 1.04 121.08 .98 15.98 12U7 1.07 305.61 3.13 96.18 50.66 50.52 50.22 50.51 1Ul 421.82 !.82 398.01 .83 16.09 !26.28 1.03 421.05 .95 15.07 !2!.98 1.51 305.61 3.14 96.21 50.81 50.66 SUI 50.63 13.05 420.11 2.31 398.05 .83 15.10 42U8 1.51 l2!.10 1.37 14.08 421.00 2.04 305.56 3.14 96.41 50.88 50.1! 5U3 50.75 12.03 !11.28 2.61 396.96 .H JUS !22.21 2.01 422.63 1.88 13.06 411.69 2.38 305.63 3.15 96.31 50.99 50.65 50.54 5D.66 10.96 411.95 2.12 398.41 .84 13.01 ll6.56 2.30 !18.63 2.20 11.99 4JU1 2.49 305.85 3.15 96.22 50.98 50.83 50.53 5o.Bl 9.86 409.02 2.17 397.00 1.44 11.91 1!5.!2 2.58 416.24 2.56 10.89 410.91 2.59 306.16 3.14 96.33 50.91 50.76 50.46 5U9 8.79 406.94 2.67 393.38 1.29 10,64 412.61 2.58 413.95 2.62 9.82 401.75 2.48 306.55 3.16 96.35 51.21 51.06 50.16 51.01 CJ1 
CD 
121 : 86.56 •• 122 = 89.21 Ba 15:19:25 JULI0,1987 ti332.DAT TAB. 18.2 TB! : 30!.1 c TBO : 401.3 c 
QRI : 50.8 Mlcm'2 QH2 : 50.7 Mlca2 
QH3 
= 
50.4 fi/cm'2 QHI 
= 50.7 Wlc•"2 TKGKHA 2 • FLUID TKMPERATORKS HB : 399.1 kM m : 3.13 kg/a PROBK 2 Tm FLOCTOATIORS DTC : 96.6 l OB : 1.9! •I• 
Re : 66569. Pe : 361.0 
Y21 TC21 RHS21 TC22 RBS22 m TC23 RHS23 TC24 RHS2! m TC25 RHS25 RH! NR2 NB3 NHl RB UB TBO 
•• c I c I •• c I c [ •• c I kW kM kM kM kN •Ia c 
uo 388.90 1.36 387.14 1.32 1.44 38Ui .61 384.31 .65 2.17 38U9 1.29 99.92 99.92 99.06 100.20 399.09 1.9! 401..32 5.05 391.97 1.65 390. !1 1.63 2. 39 385.60 .92 385.64 .96 3.12 381.53 1.67 98.90 98.91 98.02 99.11 39!.97 U! 400.85 6.06 394.18 1.78 393.69 1.80 3.40 386.66 1.23 387.55 1.21 U3 389.40 2.06 98.61 98.62 91.76 9U6 393.85 1.93 !OU7 1.10 398.0! 1.96 391.08 2.02 U4 3Bß.l6 1.66 388.90 1.65 5.17 392.22 2.49 98.69 98.71 91.87 98.99 39!.26 U! !01.00 8.15 !01.11 1.91 398.96 2.10 5.!9 391.01 2.00 392.50 1.87 6.82 39!.85 2.14 98.86 98.87 98.01 99.12 394.86 1.9! m.16 10.21 408.!7 2.09 !06.56 2.25 1.55 397.19 2.45 398.22 2.21 8.88 400.70 3.18 98.89 98.9! 98.05 99.17 395.02 1.91 400.76 12.15 418.05 1.99 415.57 2.29 9.!9 403.95 2.17 !05.06 U3 10.82 !01.11 3.50 98.86 98.87 98.02 99.12 39U6 1.94 !01.00 13.08 419.86 1.78 418.35 2.16 10.!2 !01.49 2.89 406.86 2.56 11.15 !13.26 3.51 99.13 99.12 98.26 99.31 395.89 1.94 !00.63 14.01 !23.46 1.38 421.67 1.11 11.35 !11.32 2.80 ll2.98 2.42 12.68 115.32 uo 99.25 99.24 98.36 9U6 396.31 1.91 !00.99 1U9 !21.50 1.00 425.85 1.26 12.33 417.62 2.61 418.50 2.21 13.66 420.13 2.87 99.11 99.12 98.29 99.39 395.92 1.95 100.63 16.01 428.32 .69 m.84 .82 13.35 !20.89 2.23 422.75 1.18 1U8 m.69 2.16 99.42 99.!2 98.55 99.66 391.06 1.95 101.26 11.01 429.19 .63 421.92 .73 1U8 !25. 88 1.67 126.30 1.29 15.71 125.67 1.50 99.55 99.55 98.69 99.80 391.59 1.95 101.39 18.11 428.18 .88 !21.12 1.01 15.45 i21.15 Ll3 !28.32 .89 16.18 !25.62 1.26 99.61 99.62 98.76 99.87 391.86 1.95 401.79 19.15 m.H 1.26 423.82 1.54 16.19 428.82 .82 429.91 .65 11.82 425.78 1.66 99.91 99.89 98.93 100.05 398.17 1.95 101.82 20.18 422.97 1.59 422.18 1.91 11.52 l28.23 1.07 429.61 .so 18.85 123.43 2.29 100.03 100.01 99.!8 100.28 399.53 1.95 101.99 21.16 418.!9 1.79 411.65 2.06 18.50 123.11 Ui m.ss LII 19.83 !19.84 2.14 100.25 100.26 99.40 100.SO 400.41 1.96 401.95 22.11 11!.73 1.92 413.10 2.05 19.15 421.85 1.97 425.33 1.56 20.78 416.93 3.01 100.23 100.22 99.37 100.!6 400.26 1.96 '102.07 23.01 !10.43 U! l!Ll9 2.00 20.38 120.01 2.28 421.21 1.88 21.71 04.51 3.01 100.10 100.09 99.21 100.31 399.60 1.95 m.5o 21.00 m.oo 1.90 !01.01 1.90 21.3! !16.62 2.!0 ous 2.16 22.61 !11.60 3.02 100.68 100.68 99.82 100.92 402.10 1.91 !02.90 
111 : 31.66 •• !12 : 29.61 •• 16:02:22 JUL10, 1987 mun TAB. A19.1 !BI : 301.8 c TBO : IOU C 
QR1 = 51.0! i/ca2 QB2 : 50.87 M/co2 
QH3 = 50.57 W/ca·2 QHI : 50.89 W/ca·2 mm 2 • FLUID mmmm 
iB : 100.7 ti m : 3.15 kg/6 PROBE 1 Tm FLUCTOATIONS 
DTC : 96.5 l OB : 1.96 &/6 
Re : 673H. Pe : 363.7 
Hl !Cl! RMS11 !CI2 HMS12 Yl3 iC13 RMS13 TC!l RMS!l Yl5 TCI5 RBSI5 TB! m D!C QRI QB2 QB3 QBI 
•• c [ c I •• c I c I •• c I c kg/6 K W/cm'2 W/cm'2 Wfc•"2 Wjco·2 
8. 76 106.93 2.69 397.32 1.07 10.81 413.33 2.56 413.90 2.63 9.79 409.51 2.17 307.79 3.15 96.16 51.01 50.87 50.57 5U9 
9.62 110.!6 2.82 100.96 1.23 11.67 418.11 2.57 !11.00 2.58 10.85 llUl 2.61 308.08 3.15 96.21 50.99 50.86 50.06 50.88 
10.91 113.82 2.77 102.H .82 12.96 423.16 2.34 m.11 2.28 11.91 117.10 2.56 308.30 3.14 96.19 50.93 50.76 5U6 50.60 
11.97 419.57 2.5! 101.90 .62 11.02 125.24 1.69 424.94 1.78 13.00 m.os 2.30 306.51 3.14 96.76 51.05 50.91 5U1 50.91 
13.00 423.29 2.29 402.16 .80 15.05 !26.81 1.50 427.39 1.37 11.03 124.26 2.01 308.61 3.15 96.32 5l.Dl 50.90 50.60 50.92 
13.97 426.15 1.18 102.11 .81 16.02 429.27 .99 429.87 .90 15.00 426.95 1.14 308.79 3.13 96.78 50.90 50.76 5U5 50.18 
IUO 129.15 1.29 403.00 .82 16.95 430.39 1.02 129.98 .92 15.93 427.8! 1.01 309.00 3.13 97.0B 51.11 50.96 50.61 50.93 
15.83 00.€9 .98 402.52 .83 17.88 427.78 1.52 !26. 7l 1.38 16.86 l29.69 1.08 308.95 3.13 97.01 51.09 50.96 50.65 50.96 
16.71 !29.91 !.II 402.22 .85 18.82 !25.23 2.1l 425.31 1.98 17.80 121.46 Ul 309.02 3.15 96.10 51.08 50.93 50.63 50.95 
17.13 126.37 1.58 101.51 .81 19.78 420.56 2.50 422.67 2.3! 18.76 423.95 2.10 308.96 3.14 96.78 51.10 50.96 50.66 50.97 
18.76 !2U1 2.12 101.32 .81 20.81 416.07 2. 73 !17 .22 2.63 19.79 121.15 2.50 309.05 3.13 96.85 50.91 50.76 5U6 50.78 
19.83 121.3! 2.51 401.23 .83 21.88 OU6 2.67 413.03 2.66 20.66 416.71 2.63 308.99 3.15 96.23 50.89 50.71 50.45 50.76 
20.92 117.9! 2.69 101.90 .81 22.97 109.36 2.57 409.71 2.57 21.95 413.66 2.59 309.15 3.13 96.15 50.78 50.6! 50.31 50.65 
23.01 109.23 2.79 !02.69 .83 25.06 !02.50 2.34 402.62 Ul ZU! !06.31 2.10 309.18 3.13 96.56 50.82 SUB 50.39 50.69 
21.90 !02. 71 2.50 102.26 .77 26.95 398.66 1.81 397.89 1.93 25.93 399.19 1.98 308.97 3.13 96.56 50.83 5o.JO 50.39 50.72 
25.61 398.86 2.33 101.97 .80 27.86 39U9 1.45 395.71 1.56 26.8! 397.12 1.15 308.96 3.14 96.57 50.90 50.77 50.17 50.81 
26.74 396.70 2.05 102.10 .79 28.79 392.75 l.lB 391.78 1.20 27.77 39!.22 Ul 309.00 3.15 96.41 51.05 50.91 50.60 50.92 
21.12 391.80 1.63 101.42 .81 29.77 391.67 .86 391.60 .79 28.75 39).91 1.05 309.03 3.1l 96.77 51.02 50.88 50.56 50.89 
28.71 392.15 1.21 401.70 .83 30.79 391.15 .66 390.19 .53 29.17 392.12 .75 309.18 3.13 96.72 50.91 50.79 50.19 50.79 CD 
0 
X2l : 86.57 •• m : 89.22 .. 16:02:22 JUL10,1987 H33UAT TAB. 19.2 TB! : 307.8 c TBO : !OU C QB1 : 51.0 W/co2 QH2 : 50.9 N/cm2 
QH3 : 50.6 N/co2 QBl : 50.9 Nfc•"2 mm 2 - FLUID mmmm Hß = !00. 7 kM m 
= 
3.15 kg/s PROB! 2 TKHP FLOCTO!T!ORS DTC : 96.5 I UB : 1.96 •/s 
Re : 67341. Pe : 363.7 
m TC21 RMS21 TC22 RHS22 Y23 TC23 RHS23 TC2! RHS2! Y25 TC25 RMS25 NB! RB2 NH3 HB! NB OB TBO 
mm c I c I •• c I c K .. c K kN IN iN iN kW B/8 c 
2U4 IOUl U9 408.81 Ul 2Uß 41!.16 us l!U2 2.15 22.71 411.52 3.01 100.35 100.31- 99.15 100.55 100.66 1.96 104.25 2Ul !11.91 1.91 412.5! 1.96 20.!1 421.75 2.28 !22.68 1.89 21.80 il6.68 3.06 100.26 100.28 99.13 100.5! 100.51 1.96 104.32 ~Ui 4\Ul Uö m.ul Ul 19.53 !25.19 1.98 i26.76 1.5! 20.86 !18.68 3.00 100.14 100.13 99.27 100.38 399.91 1.95 !OU9 21.23 121.99 1.81 120.75 2.03 18.57 429.0! 1.51 130.68 1.12 19.90 423.71 2. 78 100.37 100.37 99.52 100.61 400.87 1.95 m.21 
20.25 421.45 1.57 m.IB 1.88 17.59 430.88 1.06 !32.2! .76 18.92 426.28 2.27 100.31 100.36 99.50 100.63 100.83 1.96 IOU2 
19.23 430.26 1.2! 427.12 1.53 16.57 432.26 .81 m.o2 .68 17.90 429.59 1.71 100.07 100.07 99.22 100.3! 399.71 1.95 105.57 
18.16 l31.58 .92 130.82 1.10 15.52 131.16 1.14 132.57 .90 16.85 431.02 1.31 100.19 100.41 99.59 100.65 101.20 1.95 106. OB 
17.11 133.65 .65 l32.81 .11 1U5 428.71 1.68 132.06 1.29 15.78 429.52 1.50 100.46 100.17 99.61 100.71 101.25 1.95 105.99 
16.06 433.58 .69 m.sz .86 13.40 127.85 2.34 427.36 1.79 14.73 429.09 2.22 !00.43 100.43 99.57 100.68 401.11 1.96 405.42 
15.06 431.85 .91 l3J .14 1.23 12.40 !22.13 2.63 421.64 2.12 13.13 426.08 2.81 100.11 100.17 99.62 100.73 401.30 1.96 105.76 
11.10 428.52 1.35 !28.09 1.12 1J.ii il7.17 2.86 IJB.17 2.37 12.77 422.33 3.31 100.09 100.09 99.24 100.31 399.76 1.95 105.90 
13.17 121.15 1.16 422.08 2.13 10.51 ll0.15 2.88 !12.53 2.55 11.8! i16.87 3.56 100.05 100.05 99.21 100.30 399.61 1.96 !05.22 
12.22 m.8o 1.97 119.61 2.29 9.56 !07.!1 2. 74 !10.51 2.!3 10.89 413.28 3.51 99.85 99.85 99.00 100.09 39UO 1.95 l05.60 
10.29 111.19 2.15 410.49 2.33 7.63 !03.68 2.49 102.43 2.26 8.96 105.01 3.26 99.93 99.93 99.09 100.17 399.12 1.95 105.15 
8.24 106.18 2.00 IOUI 2.12 5.58 39U2 1.98 396.21 1.86 6.91 m.o3 2.71 99.91 99.96 99.09 100.22 399.21 1.95 105.53 
7.17 102.14 1.96 !01.18 2.07 Ul 393.39 1.10 393.98 1.66 5.81 391.52 2.53 100.08 100.10 99.26 100.40 399.84 1.95 105.54 
6.12 399.26 1.83 398.93 1.91 3.l6 391.91 1.27 391.68 1.29 1.79 39U3 2.13 100.38 100.37 99.50 100.63 400.88 1.96 105.41 
5.12 396.61 1.64 395.18 1.61 2.16 390.08 .91 391.03 .96 3.79 391.15 1.68 100.32 100.31 99.17 100.55 100.65 1.95 405.80 
1.11 39!.16 1.41 393.38 1.31 1.51 389.54 . 65 389.91 .68 2.81 390.90 1.31 100.16 100.15 99.30 100.37 399.99 1.95 105.90 
Yll 19.)9 •• YH 3l.H •• 11:25:17 JUL10,1981 !J3UA! TAB. A20.1 TB! 311.1 c IBO : IOU C 
m : 51.5 i/cm"2 QB2 : 51.4 i/cs"2 
QH3 : 51.1 i/ca·2 QBI : 51.4 i/ca2 T!GKNI 2 - FLUID mmmRKS IB : 40Uki m : 3.16 it/s PBOB! 1 mp mcrom oHs DTC : 97.1 I OB : 1.97 1/B 
Re : 6810. Pe : 365.6 
Ill TCll RHSll !Cll RMSH I12 !C12 RMS12 !C!3 RMS13 Il5 !Cl5 RHS!5 !BI m DTC QBl QB2 QBJ QB! 
GD c I c K •• c K c [ .. c ! c ig/s I N/ca2 i/co2 i/cm"2 i/cm"2 
1.69 391.81 1.01 395.!1 .61 5.64 406.02 .18 392.51 .46 6.61 394.66 .63 3!1.65 3.16 91.11 51.12 51.38 51.09 51.39 
9.61 101.39 1.33 399.12 .BI 1.62 405.96 .80 395.53 .61 8.65 391.99 .94 311.52 3.14 91.55 51.31 51.22 50.91 51.21 
11.61 106.10 1.25 402.18 .86 9.59 406.01 .18 398.92 .83 10.62 102.25 1.01 311.61 3.15 91.48 51.52 51.37 51.06 51.31 
13.63 110.31 .97 405.66 .13 11.58 105.80 .18 102.14 .90 12.61 106.29 1.00 311.89 3.16 91.17 51.52 51.38 51.09 51.39 
lU I 412.00 .19 406.81 .60 12.59 405.15 .19 401.13 .88 13.62 401.15 .90 312.00 3.16 91.31 51.62 51.41 51.18 51.41 
15.66 !13.!1 .60 101.11 .12 13.61 105.80 .80 106.23 .18 14.61 109.19 .11 312.11 3.16 91.35 51.73 51.58 51.29 51.60 
16.61 413.63 .16 401.78 .28 1U2 406.93 .83 401.53 .66 15.65 m.21 .52 312.25 3.15 91.85 51.13 51.59 51.30 51.60 
17.68 !13.15 .51 108.60 .31 15.63 406.19 .80 !08.44 .19 16.66 110.98 .35 312.38 3.16 91.80 51.84 51.69 51.40 51.10 
18.67 412.56 .12 401.11 .41 16.62 406.03 .82 !08.53 .39 11.65 i10.55 .!2 312.31 3.15 91.93 51.75 51.51 51.30 51.60 
19.66 111.12 .90 106.80 .60 11.61 401.00 .82 408.56 A2 18.61 i10.03 .59 312.!8 3.15 91.9! 51.19 51.63 51.34 51.65 
20.65 i09.21 1.08 405.18 .12 18.60 406.52 .85 401.61 .56 19.63 108.8! .18 312.39 3.15 91.68 51.60 51.46 51. J1 51.41 
21.62 401.72 1.20 403.65 .18 19.51 40U9 .BI 406.61 .69 20.60 !01.09 .91 312.53 3.15 91.5! 51.57 51.l2 51.12 51.!3 
23.62 403.22 1.32 100.85 .86 21.51 !05.30 .83 !01.28 .89 22.60 !DUO 1.05 312.42 3.15 91.75 51.13 51.51 51.29 51.60 
25.05 399.15 1.32 398.32 .BI 23.60 l05.11 .BI 401.26 .90 24.63 400.11 1.03 312.46 3.16 91.10 51.11 51.61 51.33 51.63 
21.68 391.15 1.1! 396.13 .68 25.63 !06.0! .81 398.93 .88 26.66 391.81 .92 312.59 3.15 91.71 51.15 51.60 51.31 51.63 
28.61 396.91 1.05 395.73 .58 26.62 !06.38 .BI 391.5! .83 27.65 396.74 .84 312.61 3.16 91.51 51.18 51.64 5Ul 51.65 
29.66 396.11. .99 395.03 .19 21.61 !06.12 .86 396.51 .13 28.64 396.35 .13 312.82 3.16 91.69 51.78 51.63 51.3! 51.65 
30.6! 396.94 .95 39!.13 .12 28.59 406.92 .84 396.23 .61 29.62 395.10 .66 312.98 3.15 91.17 51.11 51.61 51.33 51.63 
31.63 396.18 1.02 395.00 .!I 29.58 m.9o .H 395.28 .56 30.61 395.94 .60 313.08 3.15 91.91 51.83 51.69 5!.!1 51.11 
32.62 396.55 1.05 395.43 .44 30.51 406.21 .92 395.33 .50· 31.60 396.31 .60 313.20 3.11 91.62 51.91 51.18 51.49 51.11 
33.61 391.29 1.14 396.69 .52 31.56 !06.36 .86 395.51 .!9 32.59 396.91 .61 313.34 3.1l 95.88 5U7 50.40 50.11 50.38 
34.63 399.31 1.13 396.19 .56 32.58 106.0! .85 39!.82 .52 33.61 395.58 .12 313.!! 3.12 96.13 50.55 50.11 50.13 50.13 CJ) 
35.66 398.03 1.10 396.35 .58 33.61 lOUl .8! 39Ul .51 34.64 396.16 .15 312.93 3.13 96.52 5D.66 50.53 50.23 50.52 
31.68 400.89 1.03 398.!5 .63 35.63 105.14 .BI 395.85 .66 36.66 396.!5 .19 312.37 3.13 96.!9 5D.66 50.51 50.2! 50.51 
39.66 101.58 .93 400.10 .62 31.61 105.11 .8! 398.55 .10 38.64 401.18 .78 312.36 3.1l 9U3 50.82 5D.68 5D.IO 50.69 
!1.63 401.63 .18 403.01 .54 39.58 40U3 .11 !00.64 .68 10.61 !03.55 .11 312.14 3.11 96.29 50.29 50.13 49.86 50.15 
42.61 408.39 . 66 403.50 .45 40.56 10!.10 .18 401.63 .66 41.59 !DU I .66 311.88 3.10 96.34 50.23 50.08 !9.80 5D.l0 
!3.62 409.0! .53 10!.05 .33 11.51 IOU3 .19 402.51 .60 42.60 105.56 .56 311.66 3.12 96.10 5D.30 50.19 !9.92 50.22 
4U3 409.43 .13 404.01 .22 12.56 403.69 .81 103.28 .52 43.61 406.21 .42 311.30 3.13 95.89 50.31 50.23 49.95 50.24 
45.65 !09.21 .!I 403.11 .23 43.60 403.15 .89 403.68 .42 41.63 406.30 .31 310.68 3.12 96.40 50.45 5D.30 56.03 50.32 
16.66 408.33 .55 103.20 .31 4!.61 103.12 . .83 403.16 .35 15.61 105.82 .33 310.69 3.11 96.66 50.18 50.33 50.06 50.35 
41.61 406.69 .66 l02.03 .!3 15.62 402.26 .82 403.36 .35 16.65 405.09 .H 310.45 3.13 96.01 50.11 50.32 50.04 50.33 
18.66 405.10 .82 100.69 .54 46.61 402.86 .BI 402.96 .45 !1.64 !03.98 .59 310.41 3.12 96.19 50.42 50.28 49.99 50.28 
!9.61 103.21 .92 399.24 .59 41.59 402.61 .82 401.33 .55 18.62 !DUO .69 310.11 3.11 96.00 50.23 50.09 49.82 50.11 
51.62 399.02 1.08 396.35 .65 49.51 401.21 .90 398.10 .66 50.60 398.11 .80 309.8! 3.13 95.59 50.29 50.11 49.81 50.11 
53.60 396.08 1.11 393.66 .61 51.55 102.42 .63 396.15 .13 52.58 395.60 .66 309.61 3.12 96.06 50.36 50.21 49.94 5D.23 
55.63 393.11 1.11 391.50 .61 53.58 402.62 .91 393.91 .16 54.61 393.81 .88 309.58 3.13 96.01 5D.50 50.36 5Q.QB 50.31 
56.66 391.!6 1.10 390.57 .51 5!.61 !02.08 .90 392.11 .13 55.6! 391.11 .82 309.51 3.1! 95.62 50.51 50.31 5D.l0 50.39 
51.66 390.98 1.03 389.43 .19 55.61 399.18 .91 390.63 .69 56.61 39D.BO · .11 309.51 3.13 96.13 50.19 50.35 50.01 5D.36 
58.66 389.96 .96 389.02 .!2 56.61 101.15 .84 390.46 .66 51.6! 390.33 .69 309.!1 3.13 96.01 SUB 5D.H 50.16 ID.46 
59.63 389.62 .91 389.03 .38 57.58 100.19 .94 389.62 .51 58.61 389.!2 .61 309.28 3.12 96.60 5U1 50.52 50.21 50.53 
60.62 390.68 .95 388.91 .12 58.57 400.88 .90 389.02 .50 59.60 389.76 .58 309.29 3.13 96.11 50.56 50.41 5D.l3 5Hl 
61.61 391.11 1.03 369.23 .56 59.56 101.11 .95 388.98 .18 60.59 389.55 .61 309.20 3.11 96.64 50,57 50.13 50.15 50.!5 
62.59 391.61 1.06 369.81 .56 6U! !01.21 .90 388.93 .16 61.51 390.16 .66 309.30 3.13 96.23 50.61 50.16 50.11 50.46 
63.60 392.50 1.16 390.11 .64 61.55 400.11 .95 389.00 .56 62.58 391.15 .11 309.19 3.12 96.48 5D.5i 50.10 50.12 5D.!2 
65.63 395.63 1.18 393.30 .12 63.58 401.19 .91 390.80 .69 6UI 393.!1 .68 309.21 3.12 96.50 50.62 50.!1 5D.20 50.48 
61.65 400.23 1.20 396.12 .15 65.60 401.05 .98 39!.08 .18 66.63 396.38 .9! 309.15 3.12 96.59 50.72 50.51 50.29 50.57 
69.63 403.09 1.01 399.5! .68 61.56 !00.35 .96 396.60 .80 66.61 400.13 .91 309.18 3.1! 95.79 50.59 50.44 50.17 50.16 
10.62 401.85 .94 40D.60 .63 68.51 399.61 .95 398.26 .17 69.60 401.35 .87 309.11 3.13 96.34 50.65 50.SO 50.22 50.52 
11.61 406.28 .62 !01.61 .54 69.56 396.38 1.00 399.55 .15 10.59 !02.03 .BI 309.02 3.14 96.03 5D.60 5D.l6 56.16 50.41 
12.60 !01.65 .6! !02.60 .40 10.55 399.35 .91 401.03 .66 11.58 403.18 .66 309.04 3.12 96.42 5D.61 50.!1 5D.20 50.!9 
13.60 !01.99 .51 !03.03 .30 11.55 398.1! .90 401.10 .60 72.58 40!.61 .53 30Ul 3.1l 95.93 50.53 50.!1 50.15 50.13 
1Ul 408.11 .!! 403.11 .22 12.56 398.91 .92 !02.1! .!9 13.59 !05.62 .38 308.66 3.12 96.!3 5D.6! 50.19 50.21 50.50 
15.64 101.12 .19 !02.18 .26 13.59 399.89 .91 !03.22 .38 7U2 405.01 .30 306.71 3.1! 95.96 50.64 50.49 5D.23 50.52 
16.67 !06.50 .60 !02.16 .33 14.62 391.3! .91 iOJ.H .3! 15.65 !01.03 .36 308.E9 3.12 96.62 50.69 lU! 50.28 50.50 
T11 : 3.14 .. !24 : .48 u 
YBI : 311.1 c DTC : 91.1 I 11:25:11 JOL10,1981 B336.DAT TAB. A20.2 Qßl : 51.5 W/cs2 QH2 : 51.4 W/ca2 
QB3 : 51.1 W/ca2 QHI : 51.4 K/ca"2 
UB : 401.6 IV OB : 1.91 .,, mm 2 - rLDID mmmm 
Re : 66143. Pe : 365.0 PROB! 2 !KHP YLOCTOAI10NS 
121 IC21 RHS2! !CH RHS24 122 !C22 RMS22 TC23 RH523 m TC25 RMS25 HB1 HB2 NB3 NB! NB OB !BO 
•• c [ c [ •• c I c I .. c I kN kH kH kN kM •I• c 
!09.65 398.92 1.09 39U8 58 !12.50 l9l.02 .11 390.95 .H !!1.!1 393.68 1.17 101.31 101.30 100.11 101.55 401.62 1.91 <108.16 
!01.85 103.64 1.05 396.13 .64 l!O.SO 396.44 !.13 393.61 .51 109.11 391.10 1.40 101.00 101.00 100.11 101.26 403.42 !.95 m.o6 
105.93 109.02 .11 402.25 .58 108.58 101.18 1.19 396.14 .66 101.25 102.ll 1.41 101.31 101.29 100.12 101.51 101.53 1.96 -109.32 
103.95 m.62 .43 lOU5 .31 106.60 406.16 1.00 101.39 .61 105.21 105.10 1.22 101.30 101.30 100.41 10!.56 lOU2 1.91 409.05 
102.95 413.41 .29 105.38 .25 105.60 108.99 .82 !03.31 .56 IOU1 106.58 1.0! 101.50 101.l8 100.05 101.11 405.31 1.91 409.31 
101.94 413.55 .25 105.64 .22 IOU9 111.09 .58 101.48 .H 103.26 !01.85 .67 101.12 101.11 100.87 101.91 106.21 1.91 -109.H 
100.92 413.21 .3! m.n .29 103.51 412.19 .II 405.32 .35 102.21 408.30 .62 101.11 101.11 100.88 !01.97 !06.28 1.96 !10.11 
99.87 413.13 .16 105.20 .31 102.52 ll3.26 .26 406.21 .28 101.19 l08.13 .86 101.92 101.92 101.08 102.16 !01.01 1.91 110.19 
98.86 410.63 .60 !03.82 .H 101.51 m.12 .29 m.a5 .30 100.18 101.56 .98 101.14 101.69 100.69 101.96 106.28 1.96 m.21 
97.81 408.91 .13 103.00 .50 100.52 H2.81 .13 105.57 .38 99.19 106.38 1.08 101.82 101.19 100.96 102.06 406.63 1.96 U0.42 
96.!9 106.76 .82 !01.55 .55 99.51 111.57 .60 !01.21 .!8 98.21 105.21 1.16 101.45 101.!5 100.62 101.10 !05.23 1.96 410.01 
95.93 104.98 .92 !00.26 .51 98.58 m.o9 .11 403.31 .55 91.25 403.66 1.22 101.40 101.39 100.5! 101.63 104.96 1.96 m.o1 
93.97 101.65 1.05 391.39 .61 96.62 105.10 .9! !00.15 .62 95.29 100.51 1.26 101.10 101.69 100.81 101.96 !06.21 1.96 <110.16 
91.95 398.50 1.06 39U6 .51 9!.60 400.11 1.06 391.70 .66 93.21 398.17 1.27 101.19 101.16 100.9! 102.03 !06.52 1.91 m.1s 
aua 396.03 1.00 393.61 .41 92.51 398.69 1.12 395.81 .59 91.21 391.18 1.15 101.16 101.11 100.92 102.02 406.1! 1.91 110.30 
!8.81 395.!9 .91 392.91 .31 9!.52 391.31 1.09 394.51 .55 90.19 391.56 1.01 101.81 101.81 100.91 102.01 !06.66 1.91 m.21 
87.81 395.10 .91 393.65 .31 90.52 396.89 1.09 394.00 .52 89.19 394.22 1.03 IOl.BI 101.19 100.96 102.06 406.62 1.91 m.s1 
86.91 395.83 1.06 393.13 .42 89.56 395.11 1.01 393.51 .!4 88.23 391.11 1.02 101.19 101.16 100.95 102.03 !OU3 1.91 m.75 
85.96 396.00 1.13 39UB .15 88.61 396.01 1.01 393.85 .12 81.28 391.61 1.06 101.91 101.92 101.10 102.18 !01.11 1.91 m.99 
61.98 391.53 1.20 395.51 .52 81.63 395.82 1.05 393.59 .13 86.30 395.10 1.12 102.06 102.09 101.26 102.30 401.11 1.91 m.a2 
BUB 399.10 1.22 396.31 .55 86.63 396.30 1.16 391.62 .19 85.30 396.21 1.19 99.43 99.38 98.51 99.56 396.90 1.96 409.22 
82.98 !OU6 1.11 396.16 .56 85.63 396.16 1.21 393.81 .53 6UO 395.86 1.20 99.40 99.40 98.59 99.66 391.01 1.95 <109.81 Ol 
81.91 101.60 1.06 391.91 .55 81.62 391.75 1.26 391.62 .57 83.29 391.00 1.22 99.61 99.64 98.19 99.83 391.89 1.95 <109.45 1\.) 
19.90 103.58 .82 398.69 .50 82.55 399.18 1.11 395.80 .59 81.22 398.91 1.18 99.61 99.58 98.19 99.81 391.65 1.95' 'l06.86 
77.89 101.28 .61 401.23 .41 80.51 102.48 .96 398.61 .54 19.21 402.00 1.12 99.93 99.93 99.11 100.11 399.14 1.95 408.89 
15.96 109.95 .35 402.62 .26 16.61 105.61 .71 IDUS .15 17.28 403.15 .96 98.61 98.65 98.05 99.11 394.88 1.91 •108.43 
71.98 ll0.56 .21 402.62 .22 11.63 406.61 .63 100.86 .12 16.30 403.95 .91 98.16 98.11 91.9! 98.99 394.13 1.93 408.22 
13.98 410.71 .22 402.42 .20 76.63 101.69 .46 401.62 .36 15.30 101.91 .82 98.90 96.95 98.11 99.23 391.26 1.94 Jl01.15 
12.91 410.14 .28 402.18 .25 15.62 406.13 .36 l01.96 .31 11.29 401.65 .81 99.04 99.03 98.21 99.28 395.58 1.95 Jl01.19 
11.91 409.09 .31 401.11 .32 7!.62 108.91 .25 401.96 .26 13.29 IOU1 .83 99.19 99.19 98.39 99.41 396.21 1.94 401.28 
10.91 401.09 .19 399.95 .39 13.59 !08.18 .25 101.52 .28 12.26 l03.l6 .91 99.24 99.21 98.14 99.19 396.42 1.91 Jl01.35 
69.90 405.42 .62 398.17 .16 12.55 108.35 .31 101.04 .34 11.22 102.01 1.02 99.23 99.22 98.42 99.41 39U3 1.95 '106.19 
66.88 102.97 .14 391.38 .51 11.53 l01.15 .19 100.51 .13 1D.20 !00.96 1.11 99.11 99.13 98.31 99.36 395.94 1.91 406.59 
67.89 100.31 .82 395.16 .51 10.5! 105.26 .63 398.19 .52 69.21 399.16 1.22 98.16 98.16 91.91 99.02 39U2 1.91 406.11 
65.91 396.66 .90 392.30 .55 68.62 l01.28 .BI 396.00 .60 61.29 396.22 1.25 98.86 96.81 98.08 99.H 39U1 1.95 405.14 
63.99 393.15 .95 389.85 .51 66.6! 391.33 .95 393.31 .62 65.31 392.31 1.23 99.01 99.01 98.21 99.26 395.19 1.91 405.89 
61.96 390.10 .93 388.08 .ll 61.61 393.81 1.05 390.10 .60 63.28 390.13 1.16 99.30 99.29 98.19 99.51 396.62 1.95 405.58 
6U3 368.95 .86 381.14 .38 63.58 391.38 1.05 369.59 .51 62.25 386.91 !.10 99.31 99.32 98.53 99.51 396.72 1.96 105.13 
59.90 389.13 .81 381.09 .33 62.55 391.05 1.01 388.41 .53 61.22 388.03 1.06 99.21 99.21 98.11 99.52 396.52 !.95 405.61 
58.86 389.26 .65 381.06 .31 61.53 389.61 .99 381.95 .11 60.20 381.55 1.00 99.46 99.16 98.65 99.12 391.28 1.95 105.!5 
51.68 388.99 .89 387.23 .38 60.53 389.28 .89 381.05 .41 59.20 381.31 .91 99.63 99.62 98.60 99.86 391.91 1.9! 105.88 
56.93 390.00 .96 387.68 .16 59.56 368.91 .86 361.04 .38 58.25 381.66 1.01 99.ll 99.39 98.58 99.65 391.01 1.95 405.46 
55.97 391.80 1.0! 386.92 .51 58.62 388.20 .68 386.91 .II 51.29 368.06 1.09 99.43 99.!3 98.63 99.70 391.18 !.91 105.84 
55.00 393.08 1.05 390.13 .56 51.65 369.41 .91 381.69 .15 56.32 369.18 1.11 99.5! 99.!9 96.61 99.12 39U9 !.95 405.54 
53.99 393.76 1.03 390.66 .60 56.61 390.39 1.03 388.69 .53 55.31 390.Jl 1.22 99.36 99.31 98.51 99.63 396.95 !.9! !05.61 
51.91 398.52 .91 393.18 .51 5!.62 391.11 1.12 391.15 .62 53.29 393.24 1.26 99.52 99.51 98.71 99.15 391.50 1.91 105.10 
49.92 102.12 .82 396.24 .51 52.51 396.96 1.06 393.19 .62 51.2! 396.31 1.28 99.12 99.11 96.90 99.91 396.28 1.91 105.71 
41.91 405.06 .59 398.96 .15 50.56 100.66 .96 395.86 .51 49.23 399.!1 !.19 9U1 99.15 98.66 99.71 397.29 1.96 !01.96 
46.94 106.11 .19 399.81 .39 19.59 102.03 .81 391.04 .56 46.26 100.36 1.16 99.59 99.51 98.16 99.63 397.16 1.95 105.45 
15.96 101.96 .36 100.51 .30 18.63 m.19 .15 391.91 .51 41.30 101.65 1.05 99.!9 99.49 98.69 99.1! 391.11 1.95 !05.05 
45.01 108.!6 .26 m.s2 .22 l1.66 404.16 .63 399.23 .16 46.33 !02.51 .96 99.51 99.51 96.12 99.71 391.ll 1.9! 105.16 
H.OI 406.30 .23 100.91 .19 16.66 106.19 .50 lOO.lO .39 15.33 !03.21 .BB 99.35 99.39 98.62 99.66 39U2 1.95 IDUS 
13.01 101.88 .29 100.46 .2i 15.66 101.00 .35 100.12 .32 H.33 102.81 .82 99.51 99.54 98.1! 99.19 391.€5 1.91 105.28 
11.98 406.52 .39 399.71 .29 4!.63 !01.58 .21 100.18 .26 13.30 402.81 .BI 99.56 99.55 98.19 99.81 391.15 1.95 404.13 
40.96 405.39 .53 398.96 .36 13.61 401.63 .21 100.60 .28 12.28 402.18 .89 99.61 99.65 98.68 99.96 398.!6 1.94 l05.31 
111 : 31.65 .. !12 : 29.60 •• 15:36:18 J0122,!987 !IOI.DAT TAB. A21.1 TB! : 294.9 c TBO : 315.3 c 
QH1 : 10.19 M/cm·z QR2 : 10.12 filca·z 
Qßl : 10.68 WJc•z QRI : 10.14 Mlco·z TiGENA 2 · fLUID TKMPERATORKS !B : 81.6 kM m : .19 kg/a PROB! 1 IEHP fLUCTOA!IOHS DTC : 60.41 OB : .49 ola 
Re : 16122. Pe : 90.9 
Yll TC I! m11 TC12 RMS12 Yl3 TC13 RMS13 TCH RHS!I Y15 !C15 RBS15 TB! m DTC QRl QB2 QR3 QBI 
•• c l c I •• c I c 1 .. c K c kg/a I M/c•z ilca·z MJc•z Hlc•z 
1.81 373.96 .69 373.!2 .12 10.86 316.41 .59 316.28 .51 9.64 315.18 .48 291.94 .19 8D.35 10.19 10.12 10.68 10.14 9.82 376.16 .71 375.29 .74 11.81 377.97 .55 378.01 .53 10.65 377.03 .11 291.18 .81 81.06 11.05 1D.99 10.95 11.00 lD.90 371.00 .65 316.95 .10 12.95 319.23 .41 379.86 .43 11.93 378.46 .42 295.03 .81 81.39 11.13 11.06 11.02 11.08 JU5 319.20 .62 318.85 .66 IUO 381.39 .40 381.01 .37 12.98 380.03 .39 295.58 .81 81.60 11.21 11.11 11.10 11.16 12.98 380.01 .51 319.01 .58 15.03 381.45 .31 381.21 .21 1UI 380.ll .30 295.58 .80 80.86 IO.Sl 10.81 10.83 10.09 13.96 380.91 .44 380.45 .53 16.01 382.18 .27 381.70 .20 11.99 381.21 .21 295.61 .81 80.86 11.05 10.98 10.91 10.99 11.81 382.10 .30 381.60 .47 16.92 382.41 . 25 382.32 .20 15.90 382.12- .18 295.66 .81 81.13 11.08 . 11.02 10.97 11.03 15.81 382.20 .31 381.19 .H 11.86 382.03 .32 381.16 .26 16.61 382.08 .18 295.93 .BO 81.!0 1U3 !O.SG 10.92 10.96 16.11 362.11 .ll 382.12 .H 18.19 381.68 .!0 381.51 .36 11.11 382.33 .23 296.16 .81 81.21 11.08 11.01 10.91 11.03 11.12 382.35 .40 381.68 .19 19.71 381.35 .11 380.91 .!! 18.15 381.89 .30 296.52 .81 81.15 11.01 11.00 ID.96 .11.02 11.14 361.19 .16 381.36 .55 20.19 319.88 .56 380.33 .51 19.11 381.12 .31 296.63 .80 81.15 11.02 JD.96 10.92 10.91 19.61 361.19 .52 319.80 .59 21.89 318.62 .58 319.24 .55 20.61 319.91 .!I 296.63 .81 80.90 11.01 10.91 10.93 10.98 20.90 319.31 .59 319.19 .61 22.95 311.18 .63 311.91 .60 21.93 319.21 .16 296.8t .81 80.89 11.03 10.91 10.93 10.98 22.91 311.18 .69 311.30 .16 25.02 315.52 .63 376.14 .59 24.00 316.65 .18 296.91 .81 80.16 11.0! 10.91 10.93 JD.96 21.90 315.66 .65 315.4! .10 26.95 313.91 .50 31UJ .11 25.93 311.91 .12 291.11 .80 81.26 11.05 10.98 18.91 11.00 25.81 315.18 .62 314.59 .61 21.89 313.45 .II 313.82 .10 26.81 31Ul .38 291.08 .81 81.35 11.01 11.01 10.96 11.02 26.11 313.82 .55 373.15 .61 28.82 312.96 .35 312.68 .31 21.80 313.89 .31 291.20 .81 81.21 11.09 11.02 10.98 11.03 21.15 313.88 .18 313.21 .55 29.80 313.18 .30 313.01 .25 28.16 313.13 .26 291.58 .81 81.21 11.08 11.01 10.97 11.03 26.15 313.15 .10 312.49 .41 3D.80 312.16 .27 312.68 .20 29.16 312.19 .21 291.59 .81 8Q.18 11.00 10.93 10.88 10.94 
Ol 
(,:) 
121 : 66.53 •• m : 89.!8 •• 
JUN22,1981 H10UAT TAB. A21.2. I TBJ : 291.9 c IBO : 315.3 c 15:36:18 
QH1 : 10.8 Wlc•2 QB2 : 10.1 M/ca·2 
QH3 : !D.l Mlcm"2 QHl : 10.1 Mlc•2 
mm 2 • mio mmmm RB : 8!.6 kM m : .19 l.gjs PROB! 2 Tm FLOCTUATJOIS DTC : 80.1 K OB : 
.19 •I• 
Be : 16322. Pe : 90.9 
m TC21 RES21 TC22 RHS22 m TC23 mz3 TC24 Rti521 Y25 TC25 m25 RH! RH2 RR3 RB! RB OB IBO 
•• c l c l .. c l c l •• c l l.N kM kM kW - kM •I• c 
21.06 311.18 .58 313.10 .58 21.10 311.!6 .55 m.s9 .51 22.13 315.09 1.11 21.22 21.H 21.00 21.22 SUB .!9 315.29 23.15 315.86 .59 315.60 .58 20.19 316.88 .51 318.95 .15 21.62 316.89 l.ll 21.13 21.61 21.53 21.11 86.61 .50 l15.81 21.23 311.13 .53 311.15 .53 19.51 380.28 .!3 380.10 .31 20.90 319.29 1.10 21.89 21.81 21.68 2U9 61.21 .50 316.!2 21.28 319.11 .!1 319.38 .11 18.62 381.89 .36 382.21 .25 19.95 380.36 1.06 22.01 21.91 21.81 22.05 81.90 .50 311.1! 20.21 380.22 .39 319.!8 .39 11.61 381.45 .31 381.81 .11 18.91 380.99 1.00 21.51 2J.H" 21.30 21.51 85.16 .50 316.15 19.21 381.12 .29 361.12 .30 16.61 382.16 .29 382.31 .ll 11.94 381.66 .98 21.12 21.65 21.51 21.13 86.60 .50 316.50 18.22 381.98 .21 382.15 .20 !5.56 382.28 .31 382.38 .18 16.89 382.21 .96 21.19 21.12 21.58 21.19 86.89 .50 316.19 11.16 382.61 .15 382.50 .14 1!.52 381.9! .36 381.66 .26 15.85 382.26 .96 21.69 21.62 21.48 21.69 86.!8 .50 311.33 16.10 383.05 . 15 383.15 .ll 13.11 381.53 .41 381.31 .36 1!.11 382.18 .99 21.19 21.11 21.58 21.19 86.81 .50 311.31 15.10 383.06 .20 383.01 .20 12.4! 380.56 .50 380.61 .15 13.11 381.14 1.03 21.11 21.69 21.56 21.11 86.19 .50 311.61 14.13 382.42 .29 382.33 .30 11.11 319.50 .58 319.!8 .51 12.80 380.31 1.01 21.68 21.61 21.!1 21.69 06.H .50 311.10 13.19 381.82 .35 381.01 .36 10.53 318.21 .60 311.91 .56 JUS 380.05 1.09 21.11 21.62 21.i9 21.10 86.52 .50 311.5·1 12.26 380.91 .15 319.98 .16 9.60 311.22 .61 316.60 .63 10.93 318.11 1.11 21.69 21.62 21.49 21.10 86.50 .50 311.1.1 10.33 311.92 .55 311.81 .51 1.61 315.14 .65 31U1 .60 9.00 316.51 1.11 21.10 21.63 21.19 21.10 66.53 .50 311.10 8.28 315.91 .56 315.90 .51 5.62 312.97 .52 313.50 .16 6.95 31U3 1.10 11.13 21.65 21.52 21.13 66.63 .50 318.37 1.21 315.21 .56 31UB .56 U5 312.68 .46 312.61 .39 5.88 313.55 1.06 11.11 21.10 21.56 21.18 66.62 .50 316.13 6.16 311.2! .19 313.99 .19 3.50 311.81 .39 312.06 .29 U3 312.14 1.01 21.80 21.13 21.59 21.80 86.92 .50 316.41 5.16 313.91 .II 313.58 .10 1.50 m.11 .33 312.01 .23 3.83 312.56 1.00 21.18 11.11 11.51 21.19 86.65 .50 311.82 1.19 312.81 .31 312.56 .32 U3 311.19 .30 311.13 .18 2.86 312.16 .95 21.62 11.51 21.!1 21.61 86.19 .50 318.37 
111 : 29.0" 1!4 31.4! .. 10:31:01 JON15,1981 M08UAI TAB. A2.2..1 
!BI : 29J.J c !BO : 315.1 c 
QB1 10.8 K/ca·z m : 10.1 Nfc•2 
QBJ : 10.1 i/c•'2 QHi : 10.1 Wtc•2 mm 1 - FLOID mmmm 
NB : 8U lW m : . 78 lg/a PBOBI 1 Tm FLOCTUAYIONS 
D!C : 81.8 [ OB : 
.48 •I• 
ie :15958. Pe : 89.0 
Ill !Cil RMSll TCH BHS!I Il2 TC12 ml2 !Cl3 RMSlJ l15 TC15 RMSll !BI m D!C QBl QB1 QRJ QHI 
•• c K c [ .. c [ c l •• c K c lg/a' l W/c.-2 ifc'2 i/cm'2 Wfc'1-
16.67 313.74 .35 312.65 .19 71.61 313.89 .37 373.44 .25 75.65 373.52 .15 293.30 .18 61.8! 10.71 10.70 10.66 10.71 
15.73 373.19 .31 311.76 .20 73.68 Jll.16 .il 313.31 .11 14.11 313.60 .15 193.06 .18 61.94 10.18 10.11 10.61 10.72 
14.10 314.12 .34 373.11 .16 11.65 313.10 .39 313.21 .21 73.68 313.66 .14 293.11 .16 61.30 JO.SO 10.1! 10.10 10.15 
73.61 314.11 .34 311.95 .16 11.62 373.60 .iO 373.06 .11 12.65 313.62 .15 192.89 .16 61.09 10.19 10.11 10.66 10.73 
12.61 31U1 .34 373.02 .11 1U2 313.11 .43 311.91 .21 11.65 313.54 .16 293.05 .11 81.10 10.76 10.69 10.65 1D.70 
11.68 314.08 .36 371.99 .18 69.63 313.01 .!3 311.19 .15 70.66 313.32 .16 293.17 .11 81.05 10.1l JD.68 10.61 10.66 
10.71 JTJ.67 .36 371.53 .11 68.66 312.32 .43 312.33 .26 69.69 372.77 .lß 193.08 .16 81.12 10.73 10.66 10.62 10.61 
69.12 373.39 .36 311.51 .19 61.67 312.18 .H 312.05 .15 68.10 371.69 .16 191.90 .78 81.11 10.60 10.13 1D.69 10.1! 
61.14 371.48 .39 311.11 .19 65.69 311.14 .46 311.31 .25 66.12 311.90 .18 293.0{ .18 61.12 10.11 10.11 10.66 10.11 
65.11 311.51 .39 371.11 .10 63.66 310.50 .H 310.61 .25 64.69 311.04 .16 291.86 .18 62.08 10.61 10.14 lUD 1D.15 
63.68 370.94 .39 370.61 .19 61.63 369.98 .45 310.14 .14 61.66 310.67 .18 293.00 .18 62.19 10.84 JD.16 JUI 10.19 
61.66 371.03 .38 310.56 .19 60.63 310.19 .11 310.38 .24 61.66 370.65 .11 193.01 .18 62.71 JD.95 JD.89 JUS JD.90 
61.69 310.61 .39 310.54 .16 59.64 310.11 .41 370.51 .15 60.61 370.56 .18 193.01 .16 82.14 10.91 10.61 JUO 10.85 
60.70 369.99 .10 369.94 .19 56.65 369.56 .H 369.91 .15 59.66 310.06 .16 193.09 .18 61.16 10.16 10.69 JD.65 10.70 
59.73 310.15 .11 370.13 .19 51.66 310.06 .H 310.!1 .25 58.11 310.52 .18 193.10 .18 81.15 lO.SO 10.11 10.69 10.11 
56.15 370.14 .40 370.19 .19 56.10 310.45 .11 370.15 .2! 51.73 370.11 .18 193.39 .78 81.40 JD.BS 10.18 10.1! 10.80 
51.16 310.80 .40 370.63 .20 55.11 310.82 .13 371.11 .25 56.14 311.15 .18 193.!3 .18 81.15 10.89 10.61 10.76 10.63 
56.14 311.11 .10 371.18 .20 54.69 311.03 .H 371.01 .25 55.71 311.09 .16 193.43 .19 81.83 11.03 10.96 10.91 10.91 
55.11 371.30 .39 371.94 .10 53.66 311.!4 .ll 371.83 .15 5U9 312.53 .16 29UO .19 81.61 11.03 10.96 10.91 10.91 
53.69 313.09 .38 311.66 .20 51.64 313.81 .43 373.79 .15 52.61 313.53 .16 194.10 .79 82.10 JD.95 10.89 JUS 1o.90 
51.&9 374.26 .38 373.52 .10 19.61 31Ul .H 31UJ .15 50.67 314.59 .18 194.19 .16 81.56 Jo.95 10.68 18.84 10.88 Ol 
-!:> 49.14 316.46 .39 315.60 .20 41.69 316.81 .!! 316.21 .15 46.11 316.51 .18 19U6 .19 83.35 11.18 11.11 11.01 11.11 
46.15 371.31 .36 316.10 .10 46.10 317.16 .iO 376.88 .14 41.13 311.31 .16 194.96 .19 83.41 11.11 11.11 11.06 11.12 
11.16 371.58 .35 316.58 .!8 45.71 311.67 .39 311.00 .25 46. 7! 371.!3 .15 295.09 .19 83.14 11.10 11.03 10.96 11.01 
16.75 378.06 .35 376.91 .16 IUO 311.85 .39 311.12 .1l !5.13 377.75 .11 195.16 .19 83.18 11.10 11.03 10.99 11.01 
45.13 376.11 .35 371.11 .11 43.66 371.19 .!2 317.35 .14 H. 71 377.95 .15 195.82 .79 82.51 11.06 10.99 10.91 11.00 
!Ul 376.62 .3! 371.!1 .11 !2.66 311.63 .!1 311.16 .15 43.69 378.09 .15 195.98 .79 81.64 11.03 JD.96 10.91 1US 
13.69 37!.62 .35 371.42 .18 11.6! 311.1! .!1 311.05 .15 !1.67 377.95 .16 196.13 .19 82.71 11.04 JD.98 10.93 10.99 
11.69 378.72 .35 371.56 .18 40.61 371.ll .41 371.31 .16 41.67 371.98 .16 196.41 .79 83.05 11.08 11.01 10.98 11.03 
41.1! 316.6! .36 371.51 .19 39.66 317.11 .!1 316.93 .16 40.69 311.83 .17 196.70 .79 82.91 11.10 11.01 10.99 11.05 
39.71 311.81 .38 316.95 .21 31.69 316.33 .H 376.16 .21 38.71 311.18 .19 196.86 .19 62.91 11.09 11.02 10.98 11.03 
31.17 316.81 .39 376.18 .11 35.72 375.11 .ll 315.60 .30 36.75 316.31 .10 197.H .19 83.11 11.10 11.03 10.99 11.05 
35.73 375.91 .39 315.16 .21 33.68 37f.57 .46 375.02 .21 3!.71 375.36 .19 191.18 .19 81.11 11.06 11.00 10.96 11.02 
3UI 375.56 .39 375.!4 .10 32.66 31U3 .!3 315.05 .16 33.69 315.58 .19 297.51 .19 82.96 11.09 11.02 10.96 11.01 
33.18 315.82 .39 315.46 .10 31.65 31U9 .H 375_.28 .26 32.68 315.60 .18 291.93 .19 82.92 !LOB 11.02 10.91 11.03 
31.10 315.50 .10 315.23 .20 30.S5 31U9 .H 315.39 .21 31.68 375.56 .19 198.01 .19 83.11 11.11 11.05 11.00 11.06 
31.11 315.34 .ll 315.26 .20 29.66 315.11 .43 375.54 .15 30.S9 375.59 .11 198.16 .19 82.96 11.11 11.05 11.01 11.01 
30.71 375.68 .39 315.32 .19 18.67 31U6 .!3 315.61 .16 19.10 375.19 .17 198.33 .79 83.11 11.15 11.06 11.03 11.08 
19.15 316.01 .39 315.39 .19 21.10 315.55 .43 375.91 .16 18.73 315.1l .11 198.11 .19 83.00 11.13 11.06 11.01 11.01 
28.16 37UJ .36 315.63 .19 16.11 315.11 .43 316.21 .26 11.71 376.00 .11 198.32 .19 83.03 JJ.Jl 11.01 11.03 11.08 
11.11 316.11 .39 315.75 .19 25.12 316.31 .H 316.48 .26 16.75 316.15 .18 198.31 .19 83.52 11.15 11.08 11.0! 11.10 
15.11 311.01 .31 316.64 .10 13.67 311.1! .43 311.41 .11 1UO 371.30 .11 298.18 .19 83.14 11.15 11.09 11.01 11.10 
13.69 311.30 .lB 316.56 .20 11.61 317 .ll .43 317.45 .28 12.67 371.22 .19 298.51 .18 81.53 10.89 10.81 10.18 10.83 
21.11 377.91 .38 371.13 .20 19.66 378.15 .13 311.91 .15 10.69 311.90 .18 198.51 .19 82.13 JD.96 10.90 JD.65 10.91 
20.72 318.10 .36 371.00 .19 18.61 318.16 .10 311.81 .15 19.70 377.95 .16 198.56 .18 81.39 10.91 JUS 10.81 1D.86 
19.14 318.38 .35 317.39 .19 11.69 318.11 .39 311.75 .15 16.71 318.31 .15 298.15 .19 82.54 10.98 10.91 10.81 10.92 
16.11 31UO .Ji 317.49 .18 16.12 318.31 .41 311.11 .26 11.75 318.39 .15 298.01 .19 82.40 JD.99 10.93 10.88 10.94 
17.18 318.11 .31 317.51 .18 15.73 376.01 .11 377.41 .15 16.16 318.10 .1! 291.85 .19 81.76 11.03 JD.96 10.92 10.98 
16.15 318.61 .31 311.35 .18 1!.10 311.11 .!2 311.10 .11 15.73 311.99 .15 191.99 .79 81.51 11.01 JD.95 10.91 10.96 
15.11 318.64 .36 311.16 .19 13.69 371.10 .!3 316.13 .19 JU2 317.16 .18 197.78 .19 63.10 11.01 JD.99 10.95 11.01 
11.11 318.12 .35 376.91 .11 11.66 316.11 .12 316.21 .29 13.69 371.10 .19 191.61 .19 81.92 11.09 11.02 10.98 11.03 
13.71 311.16 .38 316.61 .13 11.66 316.29 .45 316.01 .31 11.69 311.05 .11 191.11 .80 82.91 11.14 11.01 11.03 11.09 
11.11 375.65 .38 311.19 .14 9.66 374.01 .!1 371.11 .19 1D.69 315.05 .11 191.55 .19 81.75 10.99 10.91 10.88 10.93 
9.75 31U8 .39 313.18 .14 1.70 311.81 .40 311.94 .21 6.13 373.81 .10 291.6! .19 82.59 10.97 16.90 10.86 10.91 
1.18 313.23 .36 312.15 .11 5.13 311.0 .31 311.11 .25 6.76 311.49 .16 297.49 .79 82.39 11.01 1D.94 lO.SO 10.95 
!21 : 3.12 .. Y2! : .!6 .. 10:31:01 JUH15,1987 M080.DA! TAB . .A22.2 !BI : 293.3 c DTC : 81.8 I 
QB1 : 10.8 W/cB2 QB2 : 10.1 N/ca'2 
QB3 : 10.1 W/cB2 QB! : 10.1 W/ca'2 mm 2 - nm mmmm MB : BUU UB : .18 a/o PROB! 2 mP YLOC1UATIOHS Re :15958. Pe : 89.0 
!21 7C21 R!S21 !C21 BMS21 I22 !C22 RMS22 TC23 R5S23 125 TC25 R~S25 NB! m HB3 MB! HB OB !BO 
•• c I c I •• c I c I •• c I kH kH ti tH kN •I• c 
!6.91 313.80 .13 312.01 .!5 13.59 31UI .15 312.74 .30 12.26 313.28 .92 21.17 21.10 20.96 21.16 BU9 .18 315.13 
I !.BI 31UO .11 372.32 .15 !U9 37U5 .ll 372.71 .31 13.16 373.21 .91 21.19 21.12 20.99 21.19 BUO .!8 375.00 
12.B8 37U9 .09 312.59 .15 15.53 314.53 .1! 372.BI .31 IUO 313.59 .9! 21.21 21.11 2UI 21.21 81.10 .48 375.42 
13.89 371.60 .07 372.61 .13 16.51 374.22 .15 372.55 .31 !5.21 313.1! .96 21.22 21.1! 2U1 21.21 BUB .48 37U9 
11.85 37U2 .07 372.66 .12 11.50 373.86 .17 372.36 .32 16.17 373.30 .99 21.15 21.0B 20.95 21.15 BUJ .18 375.15 
15.82 31U4 .01 312.10 .13 IB.41 313.62 .11 372.10 .32 11.14 373.2! .97 21.12 2U5 20.92 21.10 81.19 .18 375.22 
16.71 37U7 .OB 372.36 .13 49.!2 372.91 .19 371.67 .12 IB.09 372.54 .91 21.10 2U2 20.89 2U9 81.11 .18 31UO 
l7 .15 371.06 .10 372.26 .ll 5D.l0 372.60 .20 311.38 .32 19.07 372.51 .9B 21.23 21.15 21.02 21.22 8UI .18 375.11 
19.73 372.9B .13 37l.lB .15 5UB 371.42 .21 310.18 .33 51.05 371.54 1.02 21.18 21.11 20.97 21.16 81.H .48 375.11 
51.80 312.01 .1! 371.01 .15 5U5 370.59 .23 370.08 .32 53.12 37U.BI .99 21.25 21.18 21.05 21.25 B!.H .48 37Ul 
53.85 37UB .11 310.36 .15 56.50 369.92 .26 369.12 .32 55.11 370.21 .98 21.32 21.25 21.12 2U2 85.02 .18 375.18 
5U2 370.91 .20 370.12 .15 5U7 310.13 .28 369.67 .31 56.1! 370.21 .94 21.51 21.47 21.33 21.54 85.87 .!B 375.78 
55.79 370.71 .21 370.01 .II 58.44 m.H .29 369.74 .31 57.11 370.17 .92 2l.l5 21.37 21.21 21.45 85.51 .!9 375.26 
56.71 370.19 .24 369.35 .15 59.!2 369.78 .30 369.20 .31 58.09 369.52 .96 21.15 21.08 20.9! 21.1! 8U2 .4B 37!.85 
51.71 370.13 .25 369.54 .H 60.39 369.86 .2B 369.56 .32 59.06 369.70 .97 21.24 21.15 21.02 21.23 84.62 .16 375.35 58.72 370.07 .26 369.61 .1! 61.37 370.50 .27 369.82 .31 60.04 370.04 .96 21.33 21.26 21.13 21.33 B5.05 .48 375.79 
59.73 370.15 .25 369.99 .H 62.38 310.93 .24 370.26 .31 61.05 370.33 .91 21.41 21.34 21.20 21.11 85.36 .48 375.66 60.75 371.01 .25 370.61 .15 63.10 371.79 .24 371.07 .32 62.07 371.09 .99 21.68 21.61 21.47 21.68 66.!! .49 376.26 
61.60 371.67 .23 371.02 .15 6!.15 312.58 .21 371.71 .32 63.12 371.67 .95 21.68 21.61 21.47 21.68 86.43 .19 376.68 
63.66 372.52 .16 371.68 .15 66.51 313.59 .20 312.66 .32 65.18 372.53 .98 21.54 21.47 21.34 21.54 BUB .!9 376.60 
65.79 313.62 .II 372.49 .15 68.!! 37U5 .18 373.40 .32 61.11 313.37 1.00 21.52 21.i5 21.31 21.50 85.79 .19 376.86 
61.74 375.18 .H 374.11 .16 10.39 311.02 .17 375.26 .32 69.06 375.34 1.01 21.98 21.91 21.77 21.98 81.63 .49 317.91 Ol 01 68.12 376.49 .12 375.12 .15 71.37 371.72 .15 375.B3 .31 70.0! 376.32 .96 21.97 21.90 21.76 21.97 81.60 .19 378.31 
69.73 377.01 .10 315.50 .15 72.38 371.90 .II 375.97 .31 71.05 376.4B .95 21.82 21.75 21.60 21.82 B6.98 .49 378.33 
7o.75 377.81 .09 375.86 .Jl 73.40 37B.IO .H 376.21 .30 12.07 376.97 .96 21.83 21.75 21.61 21.82 81.01 .19 378.76 
71.81 318.12 .06 376.25 .13 71.46 37B.OI .H 376.25 .31 73.13 377.17 .98 21.71 21.67 21.52 21.13 86.66 .19 378.36 
72.85 378.72 .05 376.62 .13 75.50 378.11 .16 376.!2 .31 7U7 377.!1 .96 21.70 21.62 21.48 21.10 86.49 .19 378.62 
73.87 378.81 .05 376.72 .13 76.52 371.70 .11 376.19 .32 75.19 317.34 .97 21.71 21.61 21.50 21.71 86.57 .19 318.95 
7U4 379.00 .07 376.93 .13 77.19 377.58 .19 376.1! .32 76.16 371.14 .95 21.19 21.72 21.59 21.80 66.90 .19 379.51 
75.81 37B.BI .09 371.12 .H 7U6 317.16 .20 376.11 .32 71.13 371.3! .96 21.63 21.76 21.62 21.63 RU! .!9 379.61 
71.74 l7U8 .H 3!6.59 .16 8U9 37UI .22 375.31 .l2 79.06 376.52 .99 21.80 21.73 21.59 21.80 R6.92 .19 379.78 
19.12 317 .II .11 375.92 .17 82.37 375.55 .23 37!.85 .32 81.04 315.17 .98 21.63 21.16 21.62 21.83 B1.04 .49 380.26 
BUO 376.06 .18 375.02 .16 8U5 371.41 .25 373.97 .32 83.12 37UB 1.00 21.75 21.68 21.55 21.17 66.76 .19 3B0.05 
62.66 375.97 .19 315.12 .16 65.51 37U7 .26 374.12 .31 BUB 37!.98 .96 21.81 21.13 21.60 21.81 86.95 .49 38U7 
B3.86 375.69 .20 37U3 .15 B6.51 37UB .27 374.11 .31 85.1B 371.81 .97 21.79 21.73 21.58 21.79 BUS .49 360.B5 
84.82 375.12 .21 374.75 .15 81.17 374.71 .26 374.21 .31 86.14 37U2 .98 21.85 21.78 21.61 21.65 87.13 .19 3BL24 
85.79 375.10 .2! 371.61 .15 8Ui 37U8 .27 37U2 .31 B7.11 37U1 .96 2U7 21.79 21.65 21.87 67.JB .19 361.12 
86.16 375.11 .23 311.67 .15 69.41 37UI .26 374.17 .31 88.0B 374.12 .97 21.91 21.85 21.69 21.90 87.36 .19 3RJ.55 
87.73 315.10 .21 371.62 .15 9D.3B 375.19 .21 374.63 .31 89.05 374.19 .99 21.88 21.80 21.66 21.88 87.22 .49 3RL50 
B8.70 315.29 .23 371.62 .15 91.35 375.51 .23 315.07 .32 90.02 375.00 1.00 21.91 2U3 21.69 21.90 B7.33 .19 381.35 
B9.71 375.17 .21 374.10 .H 92.36 375.84 .22 375.20 .32 91.03 375.06 1.00 21.92 21.85 21.71 21.93 87.11 .49 381.83 
91.80 375.99 .17 375.12 .15 94.45 371.02 .20 376.08 .32 93.12 375.8B 1.00 21.93 2U6 21.72 21.93 81.15 .!9 381.62 
93.85 376.52 .15 375.15 .15 96.50 371.30 .18 316.00 .32 95.17 376.15 .98 21.40 21.31 21.20 21.41 85.35 .18 361.07 
95.79 371.06 .13 375.65 .15 98.4! 318.13 .16 376.19 .31 97.11 376.81 1.00 21.55 21.l8 21.31 21.55 85.93 .49 380.94 
96.75 371.41 .12 m.BO .15 99.40 378.08 .15 376.1B .31 98.01 376.86 .97 21.15 21.39 21.25 21.45 85.55 .19 3B0.95 
97.12 371.83 .10 176.15 .15 100.37 318.37 .H 316.63 .31 99.01 371.22 .97 21.58 21.51 21.37 21.58 B6.05 .!9 380.68 
98.70 318.11 .09 376.33 .H 101.35 378.10 .Ii 376.59 .31 100.02 371.10 1.00 21.61 21.51 2Ll0 21.62 86.17 .!9 380.47 
99.10 378.38 .07 376.33 .13 102.35 318.03 .15 376.21 .31 101.02 371.23 .99 21.69 21.62 2l.l8 21.69 86.47 .19 380.61 
100.73 376.45 .06 376.3B .13 IOUB 371.73 .16 375.94 .32 102.05 371.16 .98 21.67 21.60 21.l5 21.66 8UB .49 380.49 
101.79 378.58 .07 376.15 .13 101. !l 377.3B .19 315.90 .32 103.11 377.12 .97 21.77 21.6B 21.51 21.75 B6.1l .19 380.89 
102.84 318.23 .09 316.01 .H 105.49 376.4! .21 m.OB .33 10U6 376.ll .96 21.80 21.73 21.59 21.79 86.90 .!9 386.52 
103.84 378.13 .11 376.08 .15 106.19 316.16 .22 314.91 .32 105.16 376.62 .97 21.91 21.6! 21.70 21.91 81.35 .19 380.67 
105.78 376.20 .17 37U3 .18 108.13 313.97 .25 373.13 .32 101.10 37!.18 .96 21.60 21.53 21.39 21.60 86.12 .19 380.30 
101.70 374.68 .19 313.26 .18 110.35 372.10 .22 371.77 .31 109.02 373.03 .96 21.56 21.l9 21.35 21.56 85.96 .19 3B0.23 
109.70 373.00 .20 372.09 .17 112.35 371.02 .20 370.71 .30 111.02 371.60 .95 21.64 21.57 21.43 21.61 86.27 .19 379.68 
Ill = 31.66 •• Il2 = 29.61 .. 11:08:52 JUH22,!987 U02.DAT TAB. A23 TBI = 29U C TBO = 371.1 c 
QB1 = 2D.37 H/cm2 QR2 = 2D.27 M/ca"2 
QR3 = 2U6 W/cm"2 QRI = 20.29 N/cm"2 mm 2 - FLUID mmmm 
IB = 159.8 kN m 
= 1.56 kg/• l'iöBi I TUP FLDCTUATIOHS DTC = 17.2 I UD = .97 •Ia 
ie = 31952. p, = 178.6 
m TCll RMSI! TC!2 RSS12 Yl3 TC!3 RHS!l TC!! RHSH Y15 TC!5 RtiSIS TB! m DTC QBI QH2 QH3 QH! 
•• c [ c l •• c [ c [ .. c l c kg/s [ H/c•"2 N/ca"2 N/cm"2 H/ca"2 
28.11 364.13 .oJ 363.15 .os 3D.82 363.35 .32 363.09 .28 29.80 363.66 .31 29U2 1.56 17.16 2U1 20.21 2D.l6 2U9 21.19 365.91 .85 365.15 .69 29.8! JoU3 .!l 3oUB .44 28.82 lDS.ll .41 291.18 1.51 11.61 2D.59 28.!9 2UO 2UI 26.61 361.56 .99 366.88 1.06 28.86 366.34 .60 365.13 .56 21.81 366.58 .53 295.16 1.51 11.12 20.61 2D.51 20.1D 20.53 25.86 368.96 1.18 368.13 1.21 21.91 36U2 .17 366.50 .11 2U9 3o1.B1 .61 294.15 1.51 71.81 2U2 20.53 2U! 28.54 21.91 370.89 1.21 310.18 1.32 26.99 367.84 .96 361.25 .9! 25.97 369.06 .15 29U3 1.58 71.65 2U8 2D.58 20.17 20.60 23.05 313.97 1.39 37Uo 1.41 25.1D 311.37 1.21 311.28 1.25 21.08 373.06 .9D 294.99 1.58 11.76 20.78 2U8 2D.57 20.70 20.99 371.09 1.11 316.51 1.25 23.01 373.50 1.29 373.11 1.21 22.02 315.28 .89 294.96 l.So 16.67 2D.!D 2D.01 19.96 20.00 19.88 319.01 1.01 378.Dl 1.15 21.93 375.16 1.28 315.32 1.21 20.91 376.59 .89 29U8 !.5o 17.04 20.27 20.!0 20.05 20.10 18.83 360.68 .86 37U! .96 2D.88 377.82 1.18 317.21 l.H 19.86 379.27 .76 2s1. 7o 1.56 11.29 2D.35 28.26 2D.15 20.29 17.18 38!.8o .o2 381.52 .Tl 19.83 379.40 1.00 319.19 .97 18.81 38D.63 .oo 294.63 Uo 76.1l 20.19 2D.D8 !9.98 20.11 lUD 382.92 .15 382.23 .59 18.85 381.07 .11 381.01 .73 17.83 381.83 .13 291.80 1.56 16.93 20.28 2D.18 2D.D7 2U9 15.57 382.89 .11 382.18 .56 11.92 382.17 .52 382.1! .50 16.9D 382.00 .27 291.95 1.56 76.97 28.26 2D.17 20.D6 20.19 !U3 382.D8 .55 381.11 .o7 16.98 382.91 .35 382.81 .3D !5.9o 382.!1 .30 29Uo 1.55 16.76 2D.l5 20.D7 19.95 20.DO !UD 381.91 .75 381.96 .so !U5 383.6D .37 383.38 .31 15.03 382.06 .H 29UD 1.58 17.29 20.60 2D.5! 2D.IO 2D.53 13.05 38l.lo .93 38D.58 1.02 !5.10 383.53 .55 382.98 .51 11.08 381.!6 .58 294.93 1.57 17.55 2D.6D 20.5D 2D.39 20.52 lUD 378.91 1.09 376.63 1.16 14.05 382.07 .77 38U8 .73 13.03 380.51 .13 295.D8 1.51 11.34 28.47 2U1 2D.2o 20.39 10.95 377.21 uo 376.79 1.2D lUD 38D.68 .89 38D.ll .87 11.98 378.13 . 77 295.D9 1.55 71.17 2D.31 20.2! 20.13 2D.26 Ol Ol U5 37U6 1.23 374.59 1.21 !UD 378.46 1.03 378.19 1.03 10.88 37UO .63 295.15 l.So 76.98 20.29 20.20 20.09 20.22 8.82 371.19 1.25 371.81 1.26 ID.87 375.89 1.12 375.37 1.13 9.85 373.62 .84 29UD 1.55 76.83 20.18 20.08 19.97 2D.10 
Il1 = 31.66 •• Il2 = 29.61 •• 19:41:27 JOX22,1967 M!Oo.DAT TAB. A2't TB! = 29D.8 c TBO = 315.2 c 
QBI 
= Ul W/cm"2 QB2 = UD V/cm"2 QH3 
= 
5.59 W/ca·2 QBI 
= 
5.60 N/ca·2 
mm 2 - FLUID mmmm KB 
= 
41.2 kM m 
= .10 kg/s PROBE I TKNP fLOCTUATIOHS DTC = 84.3 l OB = .21 .,. Re = 8086. Pe 
= 15.2 
Yll !C11 Rti511 TC!2 R!S12 Y13 !C!3 RBS!l TCH RHSII Y15 TC!S RHS15 TBI m DTC QHl QH2 QH3 QRi 
.. c ( c I •• c l c I •• c K c kg/s l M/cm·z M/ca·2 H/ca·z W/cm"2 
28.60 369.14 .33 368.91 .39 38.85 369.59 .21 369.53 .17 29.83 3o9.Bl .JD 290.82 .10 81.33 5.64 UD 5.59 UD 21.19 370.55 .31 310.02 .10 29.84 370.2o .21 37D.l2 .18 28.82 370.52 .17 291.11 .39 81.82 Ul 5.59 5.59 UD 26.80 371.01 .36 310.55 .42 26.85 310.61 .26 m.o7 .19 21.83 37l.lo .19 291.76 .39 81. 7D 5.65 5.60 5.59 U1 25.88 371.91 .38 311.22 .45 27.93 311.21 .26 371.01 .21 2U! 371.72 .22 292.24 .!D 81.39 5.65 5.61 5.60 U2 24.96 372.90 .ID 312.23 .48 27.01 372.03 .30 372.23 .23 25.99 372.5! .23 292.42 .!D 8UD U5 5.60 5.59 5.61 23.D5 373.97 .39 373.16 .17 25.!D 313.30 .33 373.13 .21 24.08 373.89 .24 292.18 .4D 8l.l5 5.67 5.62 5.61 5.63 2D.9o 315.62 .31 315.23 .45 23.01 374.71 .33 371.55 .28 21.99 375.33 .24 292.54 .39 84.71 5.65 5.61 5.60 5.61 19.87 376.35 .31 375.80 .43 21.92 375.27 .32 375.26 .28 2D.9D 376.09 .22 292.56 .!D 8!.52 5.67 5.62 5.62 5.61 !8.82 377.07 .34 376.83 .41 1D.87 376.30 .30 37U7 .2! !9.85 376.65 .20 292.72 .!D 8U6 5.67 5.62 5.62 5.63 11.19 377.92 .32 371.12 .39 19.81 377.39 .28 377.09 .23 18.82 311.60 .18 292.76 .39 . 85.28 U9 5.61 5.63 5.65 16.81 311.95 .31 377.36 .38 16.86 317.51 .27 377.18 .2D 11.81 318.02 .17 292.97 .ID 81.95 5.69 5.61 5.6! 5.65 15.88 311.87 .31 377.19 .31 17.93 371.86 .25 377.68 .18 16.91 378.05 .15 293.12 .ID 84.17 5.69 5.65 5.61 5.65 11.96 318.08 .32 377.61 .10 17.01 378.30 .21 378.27 .17 15.99 378.50 .15 293.36 .39 81.95 U8 5.63 5.62 5.61 !U3 371.92 .35 371.!9 .16 16.08 378.55 .24 378.H .11 15.06 378.29 .18 293.11 .39 85.39 Ul 5.03 5.62 5.63 13.05 311.12 .35 376.52 .13 !5.10 378.03 .24 311.95 .18 IU8 377 .BI .18 292.38 .39 81.96 Uo 5.61 5.60 5.62 12.02 315.98 .36 315.17 .13 !U7 311.11 .26 376.97 .19 13.05 376.78 .20 291.03 .39 85.81 5.66 5.61 5.ol 5.&2 JUS 311.16 .37 311.65 .H 13.00 316.10 .27 315.92 .22 11.98 375. !7 .21 290.13 .39 81.94 5.66 5.01 5.6! 5.61 9.81 313.60 .39 373.21 .lo 11.92 315.01 .29 37U9 .24 !0.90 37U5 .23 290.11 .39 85.18 5.61 5.59 5.59 5.60 U3 372.57 .38 372.12 .15 10.88 31U6 .31 313.66 .21 9.86 373.13 .23 289.70 .39 86.1D 5.61 UD 5.59 5.61 
Yll : 29.44 •• 114 : 31.!9 .. 20:29:19 JUll10,19B7 5063.DAT TAB. A25.1 TB! : 295.8 c TBO : 316.5 c 
QH1 : 21.9 W/ca2 QH2 : 21.6 W/cm "2 
QH3 : 21.1 W/ca2 QBl : 21.6 M/cm"2 mm 2 · nm mmmm 
llB : 111.8 kM m : 1.61 kg/• PROB! 1 TEnP ILDC!UATIOMS 
DTC : 80.6 I OB : 1.00 •I• 
Be : 33123. Pe :184.2 
Ill TC11 RMS11 TCll RnSll Il2 TC12 RHS12 TC13 RHS13 m TC15 RHS15 TB! m DTC QH1 QH2 QH3 QH! 
•• c [ c I •• c [ c I •• c I c kg/s i H/ca"2 W/cm"2 W/cm"2 M/cm"2 
1.69 366.69 .!8 365.52 .30 5.64 364.28 .55 364.42 .20 6.67 365.17 .25 295.82 1.61 80.61 21.91 21.82 21.69 21.82 9.G7 368.6! .58 367.45 .37 1.62 365.84 .61 365.66 .28 8.65 366.83 .35 295.87 1.62 80.01 21.68 21.19 21.66 21.19 
li.G2 310.98 .Sn 369.31 .39 9.57 368.45 .12 361.48 .34 lo.GO 369.11 .39 295.16 1.61 8D.25 11.61 21.11 21.65 21.78 
13.61 313.05 .IR 371.22 .36 11.56 310.60 .69 3&9.53 .31 12.59 311.36 .38 295.65 1.61 80.41 21.89 21.80 21.61 21.80 1Ul l1U3 .40 312.06 .30 12.58 311.65 .G4 37U1 .35 13.61 312.20 .33 295.63 1.62 80.12 21.88 21.18 21.66 21.19 
15.64 311.43 .35 312.10 .21 13.59 312.65 .61 311.14 .33 1U2 312.83 .28 295.10 1.61 80.13 21.93 21.84 21.11 21.84 1G.G1 31Ul .31 312.25 .20 IU2 313.35 .51 311.69 .28 15.&5 313.20 .22 295.22 1.61 80.!6 21.9! 21.85 21.12 21.86 11.68 31U! .31 312.01 .20 15.63 313.98 .53 312.11 .22 1&.66 313.24 .11 295.04 U2 80.!1 21.96 21.66 21.1! 21.81 18.61 31U! .32 311.63 .21 16.62 314.29 .49 312.25 .19 JUS 313.09 .11 295.0! !.GI 60.44 21.90 21.60 2l.G1 21.8! 19.66 313.25 .31 311.44 .2! 11.61 314.02 :so 311.96 .11 18.64 312.81 .19 295.11 U2 80.22 21.91 21.85 21.12 21.85 
20.61 312.1& .!I 310.15 .28 16.59 313.63 .50 311.93 .22 19.62 312.15 .23 294.96 U2 80.23 21.98 21.69 21.16 21.B9 21.61 31U6 .43 369.96 .29 19.56 312.60 .52 311.14 .23 20.59 311.36 .26 29U8 1.62 80.32 21.96 21.67 21.11 21.81 
23.61 369.19 .15 368.63 .31 21.51 311.12 .55 310.05 .2G 22.59 310.03 .28 29!.58 U2 80.61 22.02 21.92 21.80 21.93 
25.Gl 368.15 .!0 361.22 .30 23.59 369.!6 .58 368.55 .26 2U2 368.19 .28 29UO l.G2 80.31 21.96 21.86 21.13 21.86 
21.61 366.91 .51 366.31 .28 25.62 361.10 .61 36UO .21 2U5 361.10 .28 291.68 U2 60.46 21.9G 21.86 21.11 21.81 
2U1 366.59 .52 366.11 .21 26.&2 361.11 .G2 366.10 .27 21.65 366.10 .29 29Ul 1.62 19.96 21.91 21.85 21.12 21.65 29.66 36U5 .51 365.61 .26 21.61 366.11 .61 366.58 .25 26.&1 366.54 .21 29U5 1.62 80.20 21.91 21.80 21.15 21.88 30.61 366.!9 .52 365.19 .25 28.59 366.11 .62 366.19 .24 29.62 366.13 .21 294.66 1.61 60.52 21.93 21.61 21.1! 21.81 
31.62 36U1 .5! 366.1! .27 29.51 365.95 .61 365.91 .23 30.60 3GU5 .27 291.69 1.62 60.24 21.91 21.81 21.69 21.62 
32.61 366.62 .53 366.33 .28 30.56 366.10 .63 365.82 .22 31.59 366.33 .21 294.59 1.62 80.22 21.90 21.61 21.69 21.62 
33.61 361.50 .52 366.55 .29 31.56 366.21 .63 366.01 .23 32.59 36U9 .28 29!.60 !.GI 80.30 21.85 21.16 21.63 21.76 Ol 34.62 361.16 .53 361.1& .31 32.51 3GU9 .65 366.!9 .25 33.60 361.21 .29 291.60 1.62 60.09 21.90 21.61 21.60 21.61 
"" 35.&5 366.91 .51 361.51 .31 33.60 366.82 .63 36&.11 .21 lU3 3&1.60 .31 291.52 1.61 60.21 21.63 21.11 21.62 21.11 
31.68 310.37 .49 369.25 .33 35.63 368.53 .60 368.06 .26 3U6 368.99 .30 29!.50 1.61 60.11 21.66 21.11 21.64 21.11 
39.66 312.51 .50 311.11 .35 31.61 310.21 .61 3S9.59 .30 38.Gl 311.16 .32 294.51 !.GI BUO 21.95 21.66 21.73 21.61 
H.62 311.45 .!3 312.57 .32 39.51 312.39 .61 311.11 .32 40.60 312.61 .32 29!.50 1.62 80.!2 22.00 21.90 21.18 21.91 
42.60 375.39 .31 313.15 .28 10.55 313.35 .59 311.14 .31 11.58 313.53 .29 291.49 1.62 80.43 22.00 21.91 21.18 21.92 
13.62 315.11 .32 313.51 .23 11.51 311.ll .55 312.10 .28 12.60 314.21 .25 291.39 U2 BUB 21.91 21.68 21.15 21.86 
4Ul 315.91 .29 313.61 .21 12.58 31!.10 .53 313.06 .25 13.61 31!.51 .20 291.15 I.G2 60.41 21.91 21.81 21.14 21.61 
15.64 316.05 .28 313.11 .20 43.59 315.30 .19 313.54 .21 44.62 31U3 .11 291.!9 1.62 60.U 21.96 21.86 21.1! 21.81 
46.61 315.82 .ll 313.61 .21 !U2 315.65 .19 313.89 .18 !5.65 31UB .11 294.53 1.61 BUS 21.90 21.81 21.68 21.81 
!1.61 315.50 .36 373.31 .25 15.62 315.13 .50 313.68 .16 46.&5 31!.12 .19 29!.54 1.61 80.18 21.93 21.81 21.71 21.84 
l6.6S 315.04 .40 312.68 .21 4&.61 315.39 .51 313.13 .20 17.6! 31U7 .23 29!.58 U2 8o.29 21.91 21.82 21.G9 21.82 
!9.G5 373.12 .14 312.15 .29 41.60 31U6 .54 313.03 .22 46.63 313.11 .25 29!.15 1.61 Bo.JO 21.85 21.1S 21.63 21.1G 
51.61 311.91 .17 310.90 .30 49.56 313.15 .60 312.13 .2S 50.59 312.31 .29 29!.10 1.61 80.28 21.90 21.80 21.68 21.81 
53.59 31U8 .51 369.B6 .32 51.54 311.83 .61 310.92 .28 52.51 310.16 .31 294.52 1.62 80.13 21.93 21.81 21.11 21.85 
55.63 369.35 .H 368.54 .31 53.58 310.16 .66 369.11 .21 5UI 369.12 .31 291.51 1.62 B0.06 21.88 21.19 21.66 21.80 
56.65 36B.60 .55 l68. 00 .30 5UO 369.25 .61 36B.85 .29 55.63 369.02 .32 29U! 1.61 60.31 21.90 2UI 21.66 21.81 
51.66 368.26 .53 361.51 .21 55.61 36B.34 .66 368.21 .2B 56.64 366.28 .30 291.41 Ul 60.50 21.96 21.81 21.1! 21.81 
5B.65 361.80 .52 361.56 .25 56.60 368.05 .66 368.2! .26 51.63 361.81 .28 291.42 1.61 60.55 21.91 2l.B6 21.15 21.88 
59.61 368.01 .51 361.43 .26 51.59 361.42 .61 3S1.61 .25 58.62 361.91 .21 294.26 1.62 60.24 21.93 2l.BI 21.11 21.81 
60.63 361.70 .51 361.11 .21 58.58 361.10 .65 361.51 .22 59.61 361.93 .21 291.21 1.61 60.19 21.93 21.63 21.11 21.81 
61.59 3&8.69 .!,J 361.91 .29 59.51 361.11 .65 361.68 .22 60.51 361.13 .27 29U3 1.63 19.80 21.91 21.65 21.12 21.85 
62.58 368.66 .55 368.25 .31 60-53 361.51 .66 361.12 .21 61.56 368.21 .30 29U1 1.62 BUS 21.96 21.81 21.1! 21.81 
6J.5B 369.65 .54 369.23 .31 61.53 36B.31 .65 308.21 .26 62.56 36B.91 .31 291.49 U2 80.S6 22.03 21.91 21.81 21.95 
65.62 311.15 .53 370.58 .31 63.51 369.61 .65 369.46 .29 6!.60 310.14 . 33 291.33 1.62 B0.11 22.01 21.96 21.85 21.98 
61.66 313.3! .52 311.91 .33 65.61 311.36 .6! 310.81 .30 66.6! 312.21 .33 29U9 1.62 80.50 22.03 21.91 21.81 21.95 
69.61 315.!4 .ll 313.66 .29 6U9 312.9B .62 312.31 .29 68.62 313.90 .31 291.56 1.63 80.06 22.0! 21.91 21.82 21.95 
10.61 316.15 .10 31U3 .28 68.56 31!.21 .60 313.08 .21 69.59 314.61 .28 29U! 1.62 80.62 22.06 21.91 21.81 21.98 
11.60 31U1 .35 311.14 .2! 69.55 311.91 .56 313.97 .26 10.58 315.31 .26 294.52 1.62 60.11 22.05 21.95 21.83 21.91 
12.59 311.31 .31 315.20 .20 1UI 316.00 .5! 31!.55 .21 71.51 315.93 .21 29U2 U2 BUB 22.08 21.96 21.81 21.99 
13.60 316.33 .28 31U2 .19 11.55 315.!9 .!9 313.92 .21 12.58 315.11 .11 29!.51 1.60 19.19 21.!6 21.31 21.21 21.31 
1!.62 316.2B .29 31!.11 .20 12.51 316.0! .!1 314.26 .11 13.60 315.35 .15 291.5! 1.59 19.63 21.50 21.!1 21.2B 21.!2 
15.6! 315.13 .33 373.5! .22 73.59 315.74 .lß 31!.10 .11 7U2 311.96 .11 29!.!5 1.60 19.65 21.52 21.13 21.30 21.!3 
16.65 31!.95 .31 313.12 .26 1!.60 375.!6 .49 313.B1 .19 75.63 31U! .21 291.17 1.61 19.!1 21.55 21.45 21.33 21.16 
1U5 m.o2 .38 313.0B .26 1!.60 315.85 .4B 313.95 .16 15.63 37U2 .21 291.15 1.60 79.12 21.55 2U6 21.33 2l.l6 
111 : 3.11 .. !14 : .45 .. 20:19:19 JUH!0,!981 !06l.DA! TAB. A25.2 !BI : 295.8 c D!C : 80.61 
QH1 : 21.9 w;co2 QH2 : 11.8 W/ca·z 
QB3 : 21.1 W/ca '2 QB! : 21.8 W/CB '2 mm 2 - nm mmmm 
MB : 111.8 kW UB : 1.00 •I• PROB! 2 mr nucrum ons 
Re :33123. Pe : 18U 
l21 !C21 R!S21 !Cl! RHS24 122 TC22 RMS22 TC23 RMS2l m TC25 RHS25 HB! HB2 HH3 HH4 HB UB !BO 
.. c I c l •• c I c I •• c I kH kW kH kH kW •I• c 
109.16 366.21 .50 364.60 .32 112.ll 362.82 .41 361.08 .36 111.08 363.<8 .31 43.01 43.01 l2.65 43.11 111.85 1.00 316.16 
101.82 368.65 .50 366.46 .35 110.!1 36!.68 .54 363.11 .!I 109.14 365.62 .48 43.02 42.96 42.60 43.01 111.66 1.00 315.9! 
105.91 311.29 .42 368.61 .36 108.56 361.40 .62 365.16 .46 101.23 361.92 .54 42.99 42.93 42.58 43.03 1'11.53 1.00 316.00 
10Ul 312.68 .31 369.04 .29 101.58 368.98 .55 361.04 .45 106.25 369.09 .46 43.05 42.98 42.62 43.08 111.12 1.00 316.06 
103.93 l1l.2l .24 369.57 .25 106.58 369.88 .51 361.99 .44 105.25 369.12 .ll 43.01 42.94 42.59 43.06 111.61 1.00 315.75 
102.92 313.92 .11 310.05 .18 105.51 l11.2l .44 l68.ll .42 104.24 310.69 .ll 43.12 43.06 42.69 43.16 172.03 1.00 315.03 
101.91 311.01 .13 310.03 .15 101.56 372.02 .37 369.16 .39 103.23 311.01 .23 43.14 43.09 42.72 43.20 112.15 1.00 315.69 
100.90 313.65 .11 369.96 .14 103.55 372.85 .31 l69.5l .36 102.22 37!.33 .15 43.11 43.11 !2.15 !3.21. 112.24 1.00 315.51 
99.81 373.21 .16 369.65 .15 102.52 373.22 .25 369.16 .33 101.19 311.!3 .11 43.05 42.98 42.62 43.09 111.15 1.00 315.49 
98.86 312.76 .19 369.17 .19 101.51 313.36 .24 369.75 .32 100.18 310.86 .16 43.14 43.08 42.12 43.11 112.11 1.00 315.38 
97.86 311.81 .22 368.67 .22 100.51 373.01 .24 369.62 .32 99.18 310.38 .20 IJ.21 43.15 42.19 43.25 11UO 1.00 315.19 
96.89 310.59 .21 361.17 .23 99.5! 372.11 .21 369.01 .33 98.21 369.54 .25 !3.17 43.12 42.16 !3.22 112.21 1.00 315.00 
94.97 368.69 .32 366.47 .2! 91.62 370.86 .33 368.21 .36 96.29 368.21 .29 43.29 43.23 !2.86 13.31 112.11 1.00 315.22 
92.96 361.04 .41 365.39 .21 95.61 368.95 .39 366.98 .31 9!.28 366.63 .32 43.18 43.10 42.1! 43.20 172.23 1.00 l1U8 
90.92 365.93 .!1 361.51 .23 93.51 361.01 .45 365.59 .38 92.24 365.12 .33 43.11 43.11 42.75 43.21 112.24 1.00 315.\i 
89.89 365.16 .53 364.26 .22 92.54 366.19 .!9 365.21 .37 91.21 365.04 .31 43.11 ll.08 42.71 43.18 112.10 1.00 37!.58 
88.87 365.82 .55 36UO .22 91.52 366.32 .54 36U2 .38 90.19 365.06 .35 43.21 13.14 42.11 . 13.24 112.35 1.00 314.85 
87.87 366.10 .56 361.56 .23 90.52 365.13 .51 364.59 .31 89.19 365.08 .35 !3.12 43.06 42.10 43.16 112.0! 1.00 315.19 
86.91 366.06 .51 361.59 .24 89.56 365.45 .59 36U6 .36 88.23 361.66 .35 !3.08 43.01 42.65 43.JJ 111.B5 1.00 311.92 
85.95 365.92 .58 l6UB .25 88.60 365.53 .61 364.20 .36 81.27 36!.62 .31 !3.06 43.01 12.65 43.11 171.83 !.00 37U2 
SUB 366.58 .56 365.33 .21 81.63 365.39 .61 364.49 .36 86.30 365.05 .36 42.96 !2.90 42.5! 43.01 lll.ll 1.00 314.90 
83.91 366.98 .55 365.85 .28 86.62 365.!3 .64 l6l.IB .38 85.29 165.41 .!I 43.06 43.00 42.61 43.10 111.19 1.00 314.68 ()) OJ 82.97 361.93 .46 366.41 .21 85.62 365.75 .61 l6U7 .37 81.29 166.18 .36 42.93 12.81 42.52 12.97 111.28 1.00 314.16 
80.93 369.58 .12 361.99 .21 83.58 361.46 .56 365.94 .39 82.25 361.55 .38 12.99 12.92 12.51 43.02 111.50 1.00 314.65 
18.88 372.22 .36 369.50 .21 61.53 369.66 .19 361.83 .38 80.20 369.42 .31 43.15 13.10 42.71 13.21 112.20 1.00 315.11 
16.91 373.92 .28 370.97 .21 19.56 311.21 .44 369.01 .36 18.23 310.83 .36 43.26 13.19 12.83 i3.l0 112.58 l.OO 371.91 
75.95 31l.11 .23 371.40 .21 16.60 311.51 .11 369.8S .38 71.21 371.88 .33 43.26 13.20 42.81 43.31 l12.60 1.00 31U1 
1!.91 375.31 .11 371.62 .18 71.62 373.11 .31 310.31 .31 16.29 312.21 .26 43.19 43.14 12.11 !3.23 112.33 1.00 314.17 
13.96 315.67 .15 371.93 .15 16.63 31l.05 .33 311.01 .36 75.30 l12.62 .21 !3.19 !3.13 12.16. 13.23 112.30 1.00 37U9 
12.97 315.16 .16 371.91 .ll 75.62 31U2 .29 311.53 .31 11.29 313.26 .14 il.11 !3.10 12.75 43.21 112.23 l.OO l1UO 
71.96 315.58 .11 371.61 .16 1U1 375.27 .25 311.91 .33 73.28 313.41 .12 13.07 43.00 12.61 13.10 111.80 1.00 375.01 
10.93 315.12 .21 371.66 .20 13.58 315.19 .24 312.02 .33 12.25 373.38 .15 13.12 13.06 12.10 13.11 J12.05 1.00 375.02 
69.89 l7UO .26 311.15 .23 72.51 315.62 .25 312.08 .33 71.21 m.n .22 43.09 13.02 12.66 43.12 111.89 1.00 311.81 
68.81 373.22 .26 310.21 .24 11.52 314.95 .27 311.60 .35 10.19 312.10 .21 42.97 12.90 .. 12.51 13.01 111.11 1.00 311.75 
66.89 311.19 .35 369.15 .25 69.51 373.51 .35 310.71 · .38 68.21 310.19 .33 13.06 12.99 '42.64 13.11 111.19 1.00 31U8 
64.95 369.08 .10 368.00 .26 61.60 311.10 .11 369.21 .39 66.21 369.01 .34 11.12 13.05 12.69 43.18 112.05 1.00 311.61 
62.93 368.!1 .!6 366.78 .25 65.58 310.18 .46 368.52 .10 61.25 368.09 .35 13.02 12.96 12.60 13.01 171.66 1.00 311.63 
61.93 361.53 .16 366.56 .23 6U8 369.19 .18 367.81 .40 63.25 367.37 .31 13.06 43.00 42.64 13.11 171.60 1.00 314.90 
60.90 366.89 .16 l66.1l .21 63.55 368.31 .19 366.91 .38 62.22 366.16 .33 43.17 13.11 42.15 43.22 112.25 1.00 374.96 
59.88 361.21 .i1 365.71 .21 62.53 361.61 .52 366.11 .38 61.20 366.15 .32 13.20 IJ.l! 12.78 43.24 112.37 1.00 374.91 
58.81 366.50 .!1 365.83 .20 61.19 l6U7 .53 365.95 .37 60.16 366.01 .30 13.12 43.01 42.10 43.11 172.06 1.00 l1U1 
51.81 366.99 .50 365.76 .22 60.52 366.36 .53 365.58 . 36 59.19 365.99 .31 13.11 43.05 12.69 13.15 112.00 1.00 311.16 
56.89 361. !1 .51 366.11 .25 59.51 366.52 .55 365.73 .36 58.21 366.10 .32 13.13 !3.08 42.12 13.18 172.11 1.01 37!.13 
55.91 367.93 .48 366.80 .28 58.59 366.56 .52 365.84 .31 57.26 366.51 .33 13.16 13.11 !2.15 43.21 112.25 1.00 314.63 
51.96 368.93 .48 361.15 .28 51.61 361.09 .53 366.34 .36 56.26 361.39 .31 43.32 13.26 42.90 43.37 112.85 1.00 315.08 
52.95 371.21 .41 368.95 .29 55.60 368.58 .55 361.51 .39 51.21 368.78 .39 13.39 !3.33 42.91 13.44 113.13 1.00 375.01 
50.91 312.63 .39 310.55 .21 53.56 369.69 .51 368.49 .39 52.23 369.93 .38 43.32 43.26 12.90 13.31 112.85 1.00 l7U9 
18.86 311.95 .33 312.12 .26 51.51 172.29 .16 310.16 .36 5Q.J8 311.85 .31 13.33 43.26 42.90 13.31 112.86 1.01 311.64 
!1.87 375.65 .29 312.71 .23 50.52 312.96 .44 310.83 .38 19.19 312.98 .36 l3.lB !3.32 42.95 13.43 113.09 1.00 315.16 
46.90 316.36 .20 373.12 .20 19.55 311.20 .41 311.81 .38 18.22 313.38 .32 43.35 !3.29 12.93 43.11 112.98 1.00 371.93 
15.96 371.03 .20 313.59 .16 48.61 315.10 .37 312.38 .36 11.28 314.00 .26 13.11 13.34 43.00 43.46 113.22 1.00 315.00 
11.99 316.05 .16 312.61 .Ii !1.61 l7U3 .31 311.78 .31 16.31 373.45 .19 42.20 12.14 11.18 12.23 168.35 .99 l7U2 
43.99 316.13 .15 l12.61 .15 16.61 315.35 .28 372.35 .33 15.31 313.90 .13 12.21 42.20 11.85 12.32 168.65 .99 37!.31 
42.96 315.53 .19 312.07 .17 45.63 315.55 .24 312.39 .31 44.30 313.68 .12 42.31 12.25 IU9 12.35 168.80 .99 31!.10 
41.95 31U3 .23 311.79 .20 IUO 315.51 .22 372.32 .30 13.27 313.35 .11 42.31 12.30 11.96 12.11 169.01 .99 313.51 
10.94 313.65 .25 371.11 .20 0.59 315.19 .23 ll2.18 .31 12.26 313.00 .22 12.31 12.31 11.95 12.11 169.01 .99 313.87 
l11 29.42 •• 111 : 31.11 .. 08:05:13 JON22,1987 H09UAT TAB. A26.1 TB! = m.o c TBO : 37U C 
QH1 20.8 W/co'2 QB2 : 20.6 i/ca·z 
QHJ : 10.6 i/cß2 QH! : 20.8 i/cß2 mm 2 · ILDID mmmm MB : 163.5 kH m = 1.58 kg/s PBOBI 1 mr rLUCTUITI ONS DTC : 78.2 [ OB : .98 .,. 
Re =32436. Pe : 180.7 
111 TC11 R!Sll TC !I RMSH Il1 TC12 RKS12 TC13 RMS13 I15 TC15 RHS15 TBJ m DTC Qß1 QB2 QB3 QB! 
Bi c I c ! DD c ! c I •• c K c lg/s ! i/cm·z Wjca·z Wjcß2 W/cm"2 
76.72 375.15 .40 373.27 .21 7U7 375.83 .47 314.26 .26 75.70 374.74 .23 296.01 1.56 78.16 20.6! 20.75 20.63 20.76 
75.71 375.10 .36 373.26 .22 13.69 375.56 .47 373.91 .22 71.72 37UB .19 295.69 U7 76.25 20.70 20.61 20.49 20.62 
14.71 375.61 .31 373.73 .16 12.66 375.61 .16 373.66 .2! 73.69 371.79 .!1 295.76 1.51 77.91 20.72 20.62 20.50 2U4 
13.66 375.63 .33 313.10 .16 71.63 m.16 .50 373.34 .25 72.66 374.41 .16 295.73 Ul 77.64 20.61 20.51 20.40 20.53 
72.66 315.35 .35 373.2! .16 70.63 371.06 .53 372.66 .26 71.66 373.99 .22 295.70 U1 77.90 20.63 2UI 2D.l2 20.55 
71.69 374.67 .39 372.70 .21 69.64 312.92 .51 371.05 . 32 70.67 373.15 .16 295.47 1.57 77.58 20.SI 20.11 2U3 20.46 
70.71 373.90 .43 372.07 .25 68.66 372.10 .61 311.11 .33 69.69 372.14 .19 295.27 1.56 77.74 20.55 20.45 20.33 20.16 
69.73 373.36 .17 371.75 .29 67.66 371.23 .63 370.55 .31 68.11 37!.66 .31 295.21 1.57 76.09 20.73 20.63 20.52 20.65 
61.75 371.5! .52 370.51 .31 65.10 J69.27 .61 369.23 .31 66.73 370.40 .32 295.17 1.57 77.96 2U6 20.S9 20.46 20.60 
65.72 370.33 .54 369.05 .32 63.67 368.06 .63 366.38 .34 6!.70 368.76 .32 295.09 1.57 76.22 20.73 20.64 20.52 20.66 
63.69 366.19 .53 367.26 .29 6U4 366.82 .63 366.76 .31 62.67 366.61 .31 295.12 1.51 77.91 20.68 20.56 20.!7 20.60 
62.68 366.80 .55 366.56 .26 60.63 366.23 .63 366.15 .30 61.66 366.70 .30 294.61 1.57 77.7! 20.61 20.55 20.!3 20.56 
61.70 366.58 .51 366.12 .27 59.65 365.60 .61 365.84 .28 60.66 365.91 .26 29!.76 1.57 17.56 20.58 20.49 20.38 20.51 
60.11 366.51 .54 365.55 .25 56.66 365.20 .63 365.53 .21 59.69 365.53 .21 294.13 1.56 77.15 20.54 20.15 2U3 2U6 
59.74 366.07 .51 365.11 .23 57.69 365.02 .61 365.37 .29 58.12 365.13 .21 291.60 1.56 77.69 20.54 20.44 20.33 20.46 
56.76 365.14 .53 365.42 .23 56.71 365.90 .62 365.99 .31 57.71 365.88 .26 29!. 7l 1.56 17.80 20.56 20.!7 20.36 20.46 
51.76 366.17 .53 365.61 .25 55.71 361.25 .62 366.66 .32 56.14 366.07 .29 m. 79 1.57 77.71 20.57 20.47 2U6 20.19 
56.75 366.41 .55 366.02 .26 54.10 366.91 .62 366.95 .31 55.73 366.71 .31 29!.73 1.51 77. 7l 2UT 20.18 20.36 20.19 
55.7J 367.11 .51 366.08 .26 53.66 361.99 .61 367.61 .31 51.71 361.08 .31 294.12 1.56 71.87 20.57 20.48 2U6 2U9 
53.69 368.37 .52 36U2 .29 51.61 369.58 .60 368.69 .33 52.61 368.16 .31 29!.68 1.56 76.01 20.60 20.50 2US 20.51 
51.69 310.2! .19 368.65 .29 19.61 371.61 .51 37U2 .31 50.67 370.1! .29 294.71 1.57 17.63 20.58 20.19 20.37 20.50 m Cl) 
!9.71 371.96 .I! 370.25 .27 17.69 373.08 .51 371.15 .27 48.72 371.62 .26 294.96 1.57 17.63 20.60 20.50 20.39 2U2 
18.75 372.16 .12 370.79 .25 16.70 313.50 .51 31!.62 .25 !7.73 372.23 .23 295.00 1.57 77.18 20.60 20.50 20.39 20.52 
11.16 373.06 .38 310.83 .22 15.71 373.21 .19 371.51 .23 16.14 372.28 .20 29U2 1.57 77.10 20.52 20.43 20.31 20.44 
16.75 373.34 .36 371.20 .20 11.70 373.16 .19 311.55 .23 15.73 371.37 .18 29!. 73 1.56 77.63 20.52 20.42 2Ul 20.14 
!5.14 373.71 .31 371.50 .17 43.69 312.98 .51 371.31 .25 H.12 312.61 .18 29!.83 1.57 77.41 2U1 20.12 20.30 20.13 
44.71 373.67 .34 371.43 .17 42.66 312.63 .. 52 370.61 .30 43.69 371.29 .21 291.60 1.51 71.84 20.62 20.52 20.41 20.51 
13.70 373.38 .36 371.19 .21 41.65 311.76 .55 370.36 .32 42.66 371.78 .25 29U5 1.57 77.66 2U6 20.57 20.15 20.56 
12.70 372.99 .!1 37U5 .25 !0.65 371.33 .57 369.99 .33 11.68 371.30 .21 29Ul 1.58 17.83 20.71 20.61 20.55 20.66 
11.71 372.60 .II 370.61 .29 39.66 370.43 .60 369.31 .35 10.69 370.91 .31 291.62 1.58 76.ll 20.91 20.81 20.10 2UI 
39.71 311.3! .52 369.72 .32 31.69 368.93 .63 368.13 .36 3U2 369.65 .33 294.14 1.59 76.25 20.96 2Ul 20.15 20.86 
37.71 366.58 .53 367.!4 .32 35.12 366.59 .62 366.39 .34 36.75 361.37 .31 29!.85 1.56 17.63 20.49 20.39 20.28 20.41 
35.14 361.01 .Si 365.80 .30 33.69 365.26 .65 365.28 .32 31.72 366.00 .31 295.02 1.56 77.70 20.55 20.15 20.34 20.47 
34.12 366.!7 .55 365.31 .30 32.61 364.82 .61 364.75 .31 33.70 365.30 .30 29U5 1.55 77 .!4 20.31 20.22 20.10 20.23 
33.70 365.69 .55 36!.71 .28 31.65 364.23 .63 364.30 .29 32.66 36U9 .29 29!.90 1.55 77.34 20.27 20.17 20.06 20.19 
32.70 364.97 .55 364.36 .26 3D.65 363.96 .63 363.98 .26 31.68 364.44 .21 291.63 1.56 77.03 20.30 20.20 20.09 20.22 
31.11 364.80 .56 364.03 .25 29.66 361.51 .63 364.13 .26 3D.69 364.23 .26 291.75 1.55 77.51 20.34 20.25 20.14 20.27 
30.72 361.12 .53 363.66 .23 26.67 36U6 .61 36!.01 .28 29.70 36Ul .26 291.61 1.55 77.16 20.29 20.20 20.08 20.21 
29.75 364.10 .51 363.50 .23 27.70 364.26 .61 364.23 .30 28.73 36!.14 .27 29U9 1.55 77.01 20.21 20.12 20.01 20.1! 
28.76 364.05 .53 363.37 .21 26.11 36U8 .58 364.21 .30 27.74 36Ui .27 29!.!3 1.55 17.04 20.12 20.03 19.92 20.01 
27.17 361.82 .51 364.19 .21 25.12 365.60 .59 36U5 .32 26.75 365.00 .30 294.21 1.56 78.09 20.62 20.53 20.11 2D.51 
25.72 365.67 .50 36!.99 .27 23.67 366.91 .56 366.23 .32 24.70 366.01 .29 294.20 1.56 77.75 2U5 20.45 20.33 2Ul 
23.70 361.!6 .18 366.29 .28 21.65 368.50 .55 367.46 .30 22.68 367.65 .26 29!.13 1.56 71.93 20.54 20.41 20.33 20.46 
21.71 369.30 .15 367.65 .26 19.66 370.19 .51 366.77 .28 20.69 369.01 .26 29!. 73 1.56 77.85 20.50 20.10 20.26 20.42 
20.72 369.81 .12 367.96 .24 16.67 370.61 .16 369.23 .25 19.10 369.17 .23 291.53 1.56 77.99 20.50 20.ll 20.29 20.42 
19.71 370.11 .38 368.51 .22 17.69 371.03 .17 369.31 .24 18.72 369.91 .21 29!.!3 1.56 77.82 20.51 20.11 20.30 20.43 
18.76 371.21 .36 366.92 .19 16.11 371.25 .17 369.31 .23 17.11 310.33 .18 291.65 1.56 71.51 20.51 20.!1 20.30 20.43 
17.78" 371.23 .34 369.01 .16 11.73 370.70 .18 369.01 .27 16.76 370.06 .19 294.12 1.55 77.76 20.13 20.34 20.23 20.35 
16.75 371.01 .35 368.71 .19 11.10 369.84 .51 368.32 .30 15.73 369.63 .21 29U9 1.56 77.75 20.15 20.31 20.23 20.36 
15.14 370.5! .37 368.26 .22 13.69 366.96 .56 361.56 .36 11.12 366.99 .27 291.40 1.55 17.59 20.36 20.27 20.16 20.29 
1!.71 370.12 .13 368.16 .28 12.66 366.17 .61 366.73 .39 13.69 368.12 .32 294.44 1.56 77.95 20.5! 20.15 20.33 20.16 
13.71 369.l! .16 367.31 .31 11.66 366.90 . 62 365.93 .40 12.69 367.70 .35 29!.!1 1.16 77.58 20.19 20.40 20.28 20.ll 
11.71 367.33 .51 365.90 .36 2.66 36U5 .63 361.23 .37 10.69 365.36 .37 29U7 1.56 17.67 20.52 2U2 20.31 20.15 
9.76 365.03 .55 363.96 .33 1.71 362.45 .56 362.05 .31 8.11 363.36 .31 291.H 1.16 17.83 20.55 20.16 20.3! 2H7 
7.76 362.72 .52 362.17 .30 5.13 360.65 .50 360.71 .27 6.76 361.58 .26 291.56 1.56 77.76 20.52 20.13 20.31 20.1! 
m : 3.11 •• T2l : .46 •• OU5:l3 JOK22,1961 ~09UAT TAB. A26.2 TB! : 296.0 c DTC : 18.2 I 
QHI : 20.6 Hlca"2 QR2 : 20.8 Wlca"2 
QB3 : 20.6 Wlea"2 QBI : 20.6 ilca"2 mm 2 - FLUID rmmrom KB : 163.5 kN OB : 
.96 •I• PROB! 2 mr nommoxs He :32436. Pe : 160.7 
121 TC21 m21 TC24 BMS21 m TC22 BMS22 TC23 RMS23 m rm RHS25 RB! RR2 MR3 MB! RB OB TBO 
.. c I c I •• c I c I •• c I kW iN kN kW IN •I• c 
40.84 374.70 .25 371.68 " 43.!9 375.60 .16 312.56 .29 12.16 313.43 .95 40.98 !0.91 4U6 41.03 163.50 .98 31!.17 .. , 
11.81 371.92 .20 37U7 .11 H.!6 375.71 .II 372.51 .29 !3.13 313.H .95 !0.71 46.63 40.29 !0.15 162.39 .91 311.14 
42.87 315.50 .16 372.23 .15 !5.52 315.52 .16 372.10 .29 H.19 313.72 .92 !O.ll 16.66 !0.32 10.18 162.50 ~ 91 313.66 
13.87 315.16 .12 372.21 .12 16.52 375.03 .21 311.96 .31 45.19 313.34 .91 40.52 40.41 !0.1! !0.57 161.61 .97 313.56 
IUJ 375.72 .12 372.16 .12 !7.46 314.21 .26 311.5! .32 16.11 313.06 .96 40.11 10.19 !0.16 !0.61 161.01 .97 313.60 
15.81 374.96 .16 311.10 .II !8.!6 313.36 .31 310.10 .3! 41.13 312.11 .99 10.39 !0.31 39.96 10.41 161.12 .91 313.01 
!6.16 31!.33 .21 371.03 .19 19.41 311.82 .36 369.14 .31 18.08 311.42 1.01 RIO !0.32 39.99 40.14 161.11 .91 313.01 
41.14 31UJ .21 310.11 .22 56.39 310.82 .10 369.11 .36 49.06 310.62 1.03 40.15 16.68 40.31 40.80 162.59 .91 313.30 
19.72 312.08 .33 369.18 .21 12.31 369.32 .H 368.01 .36 51.04 369.41 1.01 40.67 10.19 40.21 !o.TO 162.20 .91 373.15 
51.80 310.06 .39 368.23 .26 14.45 361.56 .41 366.49 .36 13.12 361.9! 1.02 10.16 10.69 10.36 10.82 162.63 .91 313.32 
13.84 368.09 .13 366.41 .26 56.49 365.67 .46 365.10 .35 55.16 366.03 1.02 4D.66 10.59 40.26 !0.11 162.22 .91 313.06 
54.82 366.95 .II 365.60 .26 11.11 361.50 .18 36U1 .34 56.14 365.49 1.02 !0.19 10.51 10.11 40.63 161.90 .91 312.55 
55.79 366.66 .45 361.13 .24 58.!1 365.19 .!1 36UJ .32 51.11 364.80 1.00 10.46 !D.40 10.01 40.52 161.15 .91 372.32 
56.16 365.16 .11 36U3 .22 59.11 364.16 .48 36UI .32 16.08 36!.51 1.01 10.38 !0.31 39.96 IO.ll 161.11 .91 312.16 
57.13 365.15 .!T 363.82 .20 60.38 36U3 .16 363.80 .32 19.01 36U1 1.00 10.38 10.30 39.98 10.13 161.08 .91 312.29 
58.71 364.65 .. 16 364.06 .18 61.36 364.11 .11 36U2 .33 60.03 364.26 .99 40.43 lo.36 10.03 10.48 161.30 .97 312.11 
59.72 361.15 .11 363.97 .18 62.37 365.44 .16 364.51 .34 61.01 36!.16 1.00 10.15 40.31 40.01 40.19 161.35 .91 312.50 
60.1! 365.13 .15 364.11 .19 63.39 366.07 .15 36U6 .35 62.06 36U2 1.00 10.41 40.31 40.01 10.!9 161.31 .97 3T2.l1 
61.80 361.16 .!I 364.23 .21 6UI 366.83 .41 361.16 .35 63.12 365.23 1.00 40.!5 !0.37 !0.05 10.50 161.31 .91 312.60 
63.81 366.60 .41 36U5 .22 66.50 368.11 .36 366.13 .3! 61.11 366.26 1.00 46.10 16.42 !0.08 10.54 161.53 .97 372.75 
61.79 368.41 .36 366.70 .2! 68.41 310.71 .31 368.13 .34 61.11 366.04 1.01 10.41 40.39 !0.06 !D.IJ 161.43 .91 312.10 
"-J 67.13 370.33 .31 368.10 .23 10.38 312.39 .23 369.16 .32 69.01 369.62 .99 !0.10 !0.13 !o.IO 10.16 161.58 .91 372.19 0 
66.72 311.50 .27 368.16 .22 11.37 312.91 .19 369.18 .31 70.01 310.32 .99 !UO 10.12 10.09 !O.Ii 161.16 .91 372.11 I 69.12 312.06 .23 368.19 .20 12.37 312.92 .15 369.73 .30 71.01 310.60 .97 10.35 10.27 39.91 10.39 160.91 .91 372.22 
70.15 312.73 .16 369.01 .11 13.40 312.82 .Ii 369.1! .29 12.01 370.79 .95 40.31 40.27 39.91 !0.39 160.93 .91 372.36 
71.80 373.16 .II 369.60 .14 lUI 312.92 .. 11 369.13 .30 13.12 311.06 .95 40.32 40.25 39.92 lD.38 160.16 .91 372.23 
72.65 373.33 .12 369.70 .12 11.10 312.!3 .21 369.31 .31 7!.11 310.81 .93 40.14 10.46 40.13 40.18 161.11 .91 372.H 
13.86 313.31 .13 369.62 .13 16.51 31!.61 .26 368.86 .33 11.16 310.16 .9! !0.62 40.11 10.22 !0.61 162.06 .91 312.31 
14.83 313.25 .16 369.19 .16 17.48 370.99 .31 368.36 .34 16.11 310.22 .96 40.84 40.16 40.42 40.87 162.90 .96 312.49 
11.19 312.14 .20 369.41 .19 78.44 310.41 .35 366.14 .31 11.11 369.92 .99 41.12 41.01 !0.11 11.16 164.05 .98 312.16 
11. Tl 311.55 .30 368.61 .24 80.38 368.71 .12 366.92 .36 79.01 368.62 1.02 41.21 II.! I 40.81 11.27 164.43 .96 312.99 
15.11 369.13 .34 366.60 .23 82.36 365.81 .13 361.90 .35 81.03 366.19 .99 40.28 46.20 39.88 10.33 160.69 .91 372.13 
3l.BD 361.64 .!I 365.52 .2! 84.45 361.20 .52 363.82 .36 83.12 365.12 1.00 40.!0 10.32 39.99 lO.H 161.11 .91 312.13 
62.81 366.!3 .!! 36UI .21 81.19 363.97 .55 363.0! .35 8!.16 J6l.23 1.00 39.94 39.86 39.11 39.96 119.32 .96 312.39 
83.81 361.84 .50 363.82 .24 86.49 363.32 .51 362.51 .31 85.16 363.33 .99 39.85 39.17 39.14 39.89 158.96 .96 312.21 
61.82 361.17 .52 363.39 .24 81.i1 363.!l .51 362.12 .33 86.14 362.92 1.00 39.91 39.83 39.11 39.95 159.21 .96 311.66 
81.79 363.99 .54 362.91 .23 88.41 363.2! .54 362.31 .33 81.11 362.91 .99 !0.00 39.92 39.60 40.05 159.57 .96 312.26 
86.15 363.19 .52 362.11 .20 89.40 363.01 .51 362.06 .32 88.01 362.61 .99 39.89 39.62 39.19 39.91 159.15 .96 372.07 
81.72 362.91 .51 361.91 .19 90.31 362.91 .!9 362.06 .33 89.04 362.19 .98 39.14 39.61 39.31 39.79 158.51 .96 371.53 
86.70 363.33 .16 36!.61 .18 91.35 363.31 .43 362.06 .33 90.02 362.!1 .91 39.56 39.49 39.11 39.61 151.82 .96 311.41 
69.10 363.51 .19 362.39 .19 92.35 36U5 .ll 362.93 .33 91.02 363.15 .98 40.55 40.11 !O.H 40.59 161.76 .91 312.33 
91.19 36UI .II 362.10 .20 94.14 365.32 .31 363.82 .33 93.11 363.86 .91 !6.40 10.32 39.99 10.1! 161.1! .91 311.95 
93.64 365.61 .31 36!.00 .21 96.49 361.52 .28 365.18 .33 91.16 365.10 .98 !0.38 ID.31 39.91 40.13 161.09 .96 312.36 
95.18 361.23 .26 361.27 .21 98.13 36UO .22 366.11 .31 91.10 366.11 .96 lo.JO 10.22 39.69 40.34 160.75 .96 312.59 
96.14 366.23 .21 365.45 .20 99.39 369.96 .18 366.86 .30 98.06 361.30 .95 !0.31 40.24 39.91 !0.36 160.!2 .96 312.53 
91.71 368.91 .23 366.00 .19 100.36 310.18 .15 366.99 .29 99.03 361.16 .92 !0.32 10.25 39.93 10.36 160.61 .9& 312.25 
98.69 369.1! .19 366.53 .16 101.34 310,40 .ll 361.16 .29 100.01 366.10 .93 10.32 10.24 39.92 40.31 160.65 .91 312.19 
99.10 310.29 .16 366.67 .13 102.31 310.06 .11 366.13 .30 101.02 368.00 .91 40.17 40.10 39.18 40.22 160.21 .96 312.19 
100.13 370.36 .ll 366.15 .12 103.38 369.06 .22 366.10 .32 102.01 361.93 .91 10.20 40.11 39.79 40.23 160.33 .96 372.01 
10!.16 370.22 .H 366.53 .13 101.43 368.31 .29 361.10 .35 103.10 361.17 .93 !0.04 39.91 39.64 40.09 159.14 .96 311.96 
102.83 369.93 .19 366.43 .16 101.48 367.69 .39 365.00 .39 104.15 361.12 .91 40.39 40.31 39.99 10.44 161.11 .96 312.39 
103.84 369.39 .21 366.07 .23 106.!9 366.12 .ll 36!.16 .10 105.!6 366.30 .99 10.28 !0.21 39.88 10.33 160.70 .91 311.99 
105.17 361.66 .36 364.76 .32 108.12 363.88 .53 362.08 .ll 101.09 J6UI J.Oj !0.35 40.21 39.91 IUO 160.97 .91 372.35 
101.70 365.18 .45 363.08 .32 1!0.31 361.39 .!6 360.19 .36 109.02 362.20 1.01 40.41 10.33 10.01 40.45 161.20 .91 312.26 
109.66 362.!0 .!6 361.01 .28 112.33 319.46 .31 35UJ .32 111.00 360.02 .98 40.35 40.28 39.95 lo.lO 16D.98 .97 312.32 
lll : 29.43 •• YH : 31.48 •• 10:21:51 JOLJ1,!981 5408.DA! TAB. A271 !BI : 299.9 c TBO : 316.2 c 
QBI : 20.9 Mjca·2 QH2 : 20.1 W/c82 
QH3 : 20.6 w;co·2 QRl : 20.1 w;ca·2 mm 2 - FLUID mmmm IB : 163.5 iW m : 1.58 tg/s PROB! I TEHP fLUCTUA!JORS DTC : 18.3 I OB : 
.98 •I• 
He : 32659. Pe : 180.8 
IIl TC I! BMSII ICH RMSI! 112 !C12 RMS12 iC!3 RMS13 I!5 rm RHS!5 TBJ m DTC QHI QB2 QB3 QHI 
•• c I c I •• c I c I u c I c kg/n i H/CB.2 K/ca·z H/cm2 H/cm2 
1.13 368.06 .53 361.41 .29 5.68 313.10 .52 365.48 .32 6.11 366.32 .32 299.91 1.58 18.29 20.81 20.11 20.65 20.14 
9.61 310.21 .61 368.89 .36 1.62 313.12 .52 366.96 .39 8.65 36U3 .41 299.85 1.51 16.32 20.85 20.69 20.63 20.11 
11.65 312.63 .58 371.18 .37 9.60 312.83 .51 368.75 .!5 10.63 370.82 .46 299.79 1.58 78.35 20.88 20.1! 20.65 20.74 
13.63 315.19 .17 372.14 .31 JUS 312.85 .55 370.86 .41 12.61 313.01 .43 299.12 1.51 16.28 20.8! 20.60 20.61 20.10 
lU! 315.43 .41 313.19 .26 12.59 312.65 .51 311.50 .40 13.62 313.86 .39 299.16 1.51 18.15 20.18 20.62 20.56 20.64 
15.66 315.91 .35 373.65 .19 13.61 312.!2 .52 312.33 .13 lU! 311.40 .32 299.69 1.51 18.23 20.81 20.65 20.58 20.61 
16.61 316.08 .32 313.65 .13 1!.62 312.54 .52 312.98 .36 15.65 31UO .21 299.61 1.58 18.02 20.82 20.65 20.59 2U7 
17.68 376.06 .32 313.15 .12 15.63 )12.50 .58 313.48 .32 16.66 315.01 .19 299.!1 1.51 18.11 20.62 20.65 20.59 20.61 
18.67 315.'39 .35 313.11 .16 16.62. 312.0! .53 313.22 .30 11.65 314.!6 .20 299.36 1.57 18.11 20.19 20.62 20.S6 20.65 
19.66 37U5 .39 312.65 .20 11.61 312.26 .54 313.23 .29 18.64 314.20 .u 299.!9 1.51 18.20 20.15 20.59 20.52 20.61 
20.65 313.9! .43 312.51 .2!• 16.60 312.30 .49 313.00 .32 19.63 31U8 .26 299.!5 1.56 18.12 20.62 20.66 20.60 20.66 
21.62 373.04 .!6 371.66 .25 19.51 312.21 .50 312.66 .33 20.60 313.16 .31 299.!0 1.51 16.11 20.1l 20.59 20.53 20.6! 
23.62 371.12 .49 m.35 .27 21.51 312.13 .54 311.39 .31 22.60 371.61 .31 299.34 1.51 16.21 20.79 20.63 2U1 2D.65 
25.6! 370.45 .50 36S.J8 .26 23.59 311.94 .!9 369.91 .38 2U2 310.41 .ll 299.25 1.11 18.01 20.18 20.62 20.55 20.62 
21.61 368.81 .51 367.96 .22 25.62 312.05 .55 368.53 .38 26.65 368.96 .32 299.15 1.51 18.00 20.75 20.59 20.52 20.61 
26.61 368.51 .51 361.12 .20 26.62 l11.86 .52 368.00 .31 21.65 368.55 .32 299.11 1.58 11.12 20.14 20.51 2U2 20.60 
29.66 368.35 .53 361.68 .19 27.61 311.61 .50 361.61 .35 26.H 361.91 .30 299.15 1.51 11.92 20.13 20.51 20.50 20.59 
3U5 368.28 .53 367.68 .19 28.60 371.91 .51 361.19 .33 29.63 361.99 .30 299.06 1.58 11.13 20.14 20.58 20.52 20.60 
31.63 368.50 .54 361.69 .21 29.58 311.99 .56 361.45 .33 30.61 368.00 .30 299.04 1.51 18.05 20.11 20.55 20.49 20.51 
32.63 368.65 .55 366.10 .23 30.58 311.55 .51 361.41 .33 31.61 368.24 .31 299.16 1.51 11.90 20.10 20.5! 20.!6 20.51 
33.63 369.10 .55 368.20 .25 31.58 311.38 .50 361.50 .34 32.61 368.41 .33 298.93 1.51 11.95 20.69 20.52 20.!6 20.55 -...j 
31.63 369.8! .56 369.01 .28 32.58 311.58 .52 361.81 .31 33.61 369.29 .36 29U9 1.56 18.15 20.91 20.15 20.68 20.11 
35.65 311.11 .54 369.83 .28 33.60 312.01 .50 368.54 .31 3U3 369.88 .36 299.12 1.58 18.35 20.91 20.15 20.69 20.18 
37.68 372.35 .53 311.20 .31 35.63 311.13 .53 369.ll .39 36.66 311.20 .31 298.99 1.58 18.18 20.81 20.68 20.61 20.10 
39.66 311.26 .52 312.48 .32 31.61 311.81 .51 311.12 .!1 38.64 312.1l .39 299.0! 1.58 16.2! 20.89 20.13 20.66 20.15 
11.62 376.22 .15 311.05 .26 39.51 311.18 .52 312.16 .12 4D.60 ~14.12 .38 299.11 1.58 18.20 20.85 20.68 20.62 20.10 
42.61 311.21 .40 375.01 .23 40.56 311.19 .52 313.54 .!I U.59 315.!0 .35 299.26 1.51 18.20 20.83 20.66 20.60 20.69 
43.62 371.52 .35 315.26 .11 !1.51 J11.99 .60 314.05 .!0 42.60 316.01 .30 299.11 1.58 11.90 20.82 20.66 20.60 10.69 
1!.63 318.12 .32 375.65 .12 12.56 311.16 .51 374.86 .35 !3.61 316.11 .23 299.33 1.58 18.12 2UI 20.65 20.59 20.66 
45.&5 376.15 .32 315.18 .11 !3.60 311.32 .53 315.31 .31 H.63 376.91 .19 299.36 1.51 16.38 20.85 20.68 20.62 20.71 
46.66 316.10 .35 315.68 .15 4UI 311.61 .52 315.55 .30 !5.6! 311.19 .20 299.37 1.58 78.11 20.89 20.12 20.66 20.15 
41.61 311.14 .38 315.35 .19 !5.62 311.19 .53 315.11 .30 46.65 316.89 .22 299.35 1.58 11.92 20.85 20.68 20.61 20.10 
48.66 316.68 .42 31!.15 .2l 46.61 311.91 .55 315.36 .32 !1.64 316.29 .21 299.21 1.58 18.28 20.86 20.10 20.61 20.13 
19.65 316.02 .16 311.36 .26 41.60 311.60 .51 315.10 .ll 48.63 316.06 .31 299.!3 1.58 18.30 20.89 20.13 20.66 20.15 
51.62 31!.82 .49 313.06 .27 !9.51 311.18 . 52 314.2! .38 50.60 31UJ .34 299.!8 1.59 18.20 20.91 20.80 20. 7! 20.83 
53.60 m.OI .51 371.13 .21 51.55 312.0! .52 313.12 .39 52.58 313.11 .35 299.!5 1.58 18.35 20.95 20.18 20.12 2UO 
55.63 l11.60 .51 310.69 .21 53.58 l11.64 .51 311.28 .38 51.61 311.83 .34 299.45 1.58 78.11 20.91 20.14 20.68 20.11 
56.66 310.99 .49 310.32 .20 54.61 311.63 .54 311.00 .37 55.64 311.48 .31 299. !1 1.58 78.30 20.92 20.75 20.69 20.18 
57.66 310.99 .50 310.23 .19 55.61 311.85 .55 370.53 .36 56.64 311.23 .31 299.55 1.58 18.38 20.96 20.19 20.13 20.82 
58.66 371.06 .50 310.39 .18 56.61 312.23 .59 310.53 .34 51.61 311.18 .29 299. Jj 1.58 18.41 20.99 20.82 20.16 20.85 
59.€5 311.11 .!9 310.16 .18 51.60 312.91 .54 370.51 .34 58.63 371.26 .29 299.12 1.59 18.36 21.01 20.90 20.84 20.93 
60.61 311.56 .50 310.98 .20 58.59 372.68 .54 370.45 .32 59.62 311.15 .28 299.12 1.59 18.71 21.11 20.95 20.88 20.91 
61.61 312.09 .53 31J.Jl .25 59.56 31U9 .50 370.12 .33 60.59 371.39 .31 299.15 1.59 18.11 21.13 20.96 20.89 20.99 
62.59 312.5! .54 312.01 .28 60.54 313.02 .52 310.84 .31 61.57 31J.8! .33 299.90 1.59 18.89 21.15 20.99 20.93 21.02 
63.60 313.85 .55 312.83 .30 61.55 312.95 .51 311.68 .36 62.58 312.92 .35 300.14 1.59 79.20 21.29 21.13 21.06 21.15 
65.63 374.11 .55 313.40 .31 63.58 311.98 .51 31J.99 .39 6!.61 313.!1 .38 300.18 1.51 18.JJ 20.11 20.6! 20.54 20.63 
61.66 316.35 .56 31U3 .33 65.61 312.06 .50 313.40 .!3 66.64 311.92 .41 300.Jl 1.51 11.98 20.11 20.61 20.54 2D.62 
69.64 318.08 .18 316.11 .28 61.59 311.19 .18 31U3 .13 68.62 316.29 .39 300.14 1.51 11.91 20.11 20.5! 20.18 20.51 
1Q.62 318.81 .13 311.00 .24 68.51 31J.l1 .!9 315.42 .42 69.60 311.33 .36 299.98 1.56 71.60 20.52 20.36 20.30 20.39 
11.61 319.31 .38 311.20 .20 69.56 311.!1 .52 315.86 .40 1o.59 311.19 .32 300. Jj 1.51 11.83 20.6! 20.48 20.12 20.51 
72.60 319.19 .33 311.68 .13 10.55 311.28 .50 316.65 .36 11.58 378.1! .25 300.01 1.51 11.81 20.61 20.50 20.1! 20.53 
13.60 319.86 .32 317.62 .10 11.55 311.24 .52 311.09 .33 12.58 318.15 .20 299.89 1.57 11.91 20.11 20.55 20.46 20.51 
1Ul 319.46 .33 311.25 . 12 72.56 310.89 .54 316.98 .29 13.59 318.11 .18 299.81 1.56 11.86 20.60 20.H 20.38 2D.l6 
75.65 319.00 .36 316.11 .11 13.60 310.63 .52 316.93 .30 1U3 376.26 .21 299.19 1.51 11.39 20.52 2U6 20.30 20.39 
16.66 318.13 .!0 316.21 .22 1UJ 370.12 .58 316.16 .ll 75.6! 317.81 .26 299.16 1.11 11.61 20.54 20.38 20.33 2D.42 
111 3. 07 •• !21 .ll .. 10:21:57 JUL17,1987 !408.DAT TAB. A272 !BI 299.9 c D!C 
' 
78.31 





20.6 ilca2 QB! 
' 
20.7 i/ca·2 T!GKKA 2 - YLDID TIMPERATOm MB ' 163.5 ki OB ' .98 ala PROB! 2 T!HP FLOC!OATIOHS Be '31659. Pe ' 180.8 
111 TC11 RH521 TC1! RHS21 I22 1C22 RMS12 TC23 RMS13 I25 TC25 RMS15 NH1 HH2 MH3 NB! NB OB TBO 
.. c l c [ .. c l c I •• c ! iM li lN ki kW •I• c 
109.76 367.64 .48 366.40 .30 ll2.ll 36!.30 . 35 36U6 .28 111.08 365.37 .81 11.03 40.83 10.61 10.98 163.15 .98 378.20 
101.65 370.09 .53 368.12 .35 llUO 36UO .52 365.93 .31 109.11 367.18 .88 11.00 10.79 10.56 40.91 163.28 .98 316.17 
105.93 371.54 .41 310.20 .31 108.58 368.9! .51 361.91 .37 107.25 370.05 .88 11.06 10.84 40.61 40.98 163.50 .96 318.14 
103.95 314.4! .26 311.5! .21 106.60 311.59 .!1 369.81 .36 105.21 311.69 .83 10.91 40.11 !Ul 4o.90 163.19 .97 371.99 
101.95 375.02- .19 311.72 .11 105.60 l12.88 .38 310.33 .31 IOUl 312.35 .18 IU6 40.66 !0.43 40.19 162.15 .97 377.91 
101.91 315.28 .16 311.69 .H IOU9 313.13 .19 371.15 .30 103.26 312.66 .15 40.92 40.71 40.H 40.8! 162.94 .97 311.92 
100.92 31U6 .16 311.71 .15 103.51 314.12 .20 311.!9 .27 102.21 312.19 .H !0.93 40.12 10.19 10.86 162.99 .98 317.66 
99.81 311.!7 .19 311.36 .11 102.52 31U7 .13 371.58 .21 101.19 372.12 .74 !0.93 40.72 10.49 10.85 163.00 .91 371.59 
98.81 373.34 .13 310.79 .19 101.52 311.!6 .II 311.41 .23 100.19 312.12 .16 !0.88 10.67 IO.H 40.81 162.19 .91 371.48 
91.81 312.91 .26 310.33 .20 100.52 311.!2 .14 311.12 .2! 99.19 311.82 .16 ID.80 !0.59 !D.36 !0.13 162.19 .97 311.69 
96.89 372.10 .30 369.82 .22 99.54 371.15 .19 371.25 .26 98.21 3ll.ll .78 !0.9! 10.13 !0.51 10.81 163.05 .98 311.57 
95.9! 311.10 .31 369.15 .22 98.59 313.18 .23 310.50 .21 91.26 310.61 .71 10.18 10.59 !0.37 40.13 162.46 .91 311.51 
93.98 369.!9 .31 368.23 .23 96.63 311.62 .31 369.49 .29 95.30 369.22 .81 !0.81 10.61 10.!5 !0.81 162.80 .91 311.61 
91.95 368.06 .ll 366.11 .21 9UO 369.61 .31 366.20 .29 93.21 361.60 .60 40.85 40.65 10.11 10.15 162.67 .97 m.26 
89.89 361.01 .18 366.31 .20 92.54 368.65 .41 366.91 .29 91.21 366.18 .61 !o.BO 10.60 IU6 10.12 162.19 .91 311.15 
86.81 361.25 .52 366.13 .20 91.52 361.31 .16 366.65 .28 90.19 366.63 .82 10.78 10.51 ID.35 10.11 162.10 .98 316.90 
87.87 366.62 .53 366.08 .21 90.52 367.2! .48 366.31 .28 89.19 366.11 .80 10.77 10.55. 10.32 4U9 162.34 .97 371.08 
66.92 361.28 .53 366.!5 .12 89.51 367.05 .!8 366.38 .21 88.24 366.61 .80 10.19 40.58 lU5 !0.11 162.13 .SB 316.19 
65.91 361.59 .55 366.19 .24 88.62 361.06 .53 366.39 .28 81.29 366.39 .82 40.73 !0.52 !0.29 10.66 162.20 .97 317.10 
BUB 368.01 .50 361.21 .24 81.63 366.97 .51 366.12 .26 66.30 361.01 .62 ID.lO 4UO 10.28 10.66 162.14 .97 371.01 
63.98 368.96 .ll 361.69 .25 86.63 356.98 .51 366.59 .29 65.30 367.13 .83 40.66 10.!7 40.24 10.61 162.00 .97 316.88 
82.98 310.00 .ll 368.69 .26 85.63 361.47 .51 366.99 .31 6!.30 367.95 .65 41.11 10.91 10.67 11.03 163.12 .98 311.0! 
61.96 370.56 .!3 369.52 .26 8UI 368.16 A9 36l.SO .31 63.28 366.68 .62 11.12 40.92 !0.69 11.06 163.19 .98 317.16 _._ 
--.J 19.90 311.45 .H 310.81 .26 82.55 369.93 .45 369.09 .32 81.22 310.55 .61 10.96 !0.71 40.5! 40.91 163.20 .98 311.11 N 
71.89 31U9 .34 372.12 .26 B0.54 371.60 .43 310.31 .32 19.21 312.01 .65 !1.01 40.67 lD.63 41.00 163.57 .98 317.28 
75.96 316.18 .21 373.21 .10 18.61 373.83 .3B 371.95 .31 11.28 373.45 .63 41.00 40.16 40.55 40.91 163.21 .98 l11.32 
14.98 316.90 .20 373.19 .11 11.63 371.64 .35 312.70 .31 16.30 31!.30 .60 10.95 40.14 10.51 40.86 16Ul .91 311.11 
73.98 371.05 .IG 313.89 .1! 16.63 375.66 .28 313.12 .29 75.30 31l.57 .16 40.94 ID.14 10.52 40.69 163.09 .98 311.01 
11.98 311.22 .16 313.87 .ll 75.63 376.32 .22 373.60 .26 1UO 315.03 .11 40.92 ID.ll IU9 40.S6 !SUB .98 llU6 
11.91 376.93 .18 313.B6 .11 14.62 376.99 .15 311.0~ .24 73.29 375.11 .16 !0.99 40.1B 10.55 40.93 163.26 .91 317.13 
70.94 376.47 .22 313.52 .20 73.59 371.20 .12 311.26 .21 72.26 315.08 .17 4l.OB 40.66 40.63 41.00 163.51 .98 377.54 
69.90 315.81 .29 373.01 .23 12.55 371.07 .II 374.03 .24 11.22 311.66 .19 41.00 10.18 IU4 4UO 163.21 .98 311.28 
66.69 31U9 .32 312.56 .23 11.54 376.61 .19 313.75 .26 70.21 373.85 .60 41.01 10.81 40.59 40.91 163.39 .98 311.52 
61.89 31U5 .34 312.00 .25 10.54 316.16 .25 313.33 .28 69.21 313.52 .61 11.01 40.61 40.61 41.01 163.58 .98 311.73 
65.91 312.12 .36 310.66 .21 68.62 374.98 .33 312.38 .30 61.29 312.08 .81 !1.23 41.02 10.19 41.16 164.19 .98 311.69 
63.99 311.01 .ll 369.14 .23 66.65 313.17 .31 311.25 .30 65.32 310.82 .B2 !1.18 !0.98 40.75 41.10 164.01 .98 311.80 
61.91 369.55 .H 368.82 .21 6U2 311.21 .40 369.80 .30 63.29 _369.63 .61 !1.11 IUO !0.61 ii.Oi 163.72 .98 317.63 
60.93 369.19 .45 368.62 .20 63.58 370.51 .II 369.34 .29 62.25 369.24 .81 11.13 10.92 ID.lO !1.07 163.81 .98 311.11 
59.91 369.56 .15 368.86 .19 62.56 310.21 .43 369.1B .29 61.23 369.15 .81 !1.22 11.00 40.77 41.15 161.13 .98 311.92 
5B.B9 369.71 .46 36B.B8 .19 61.5! 370.00 .14 369.13 .27 60.21 369.14 .BI 41.27 11.06 !O.B3 !1.20 16U5 .98 318.15 
51.89 370.18 .18 369.62 .21 60.51 310.38 .16 369.35 .27 59.21 369.39 .60 !1.12 11.21 40.9B 11.36 l6UB .98 316.08 
56.93 370.68 .ll 369.71 .23 59.58 369.97 .!5 369.29 .16 58.25 369.26 .79 11.51 11.30 41.01 11.44 165.32 .98 378.41 
55.91 311.00 .46 370.18 .26 5B.62 369.91 .15 369.16 .27 51.29 369.72 .BI 11.55 11.32 11.09 11.11 165.43 .98 316.52 
55.00 372.26 .47 311.01 .21 51.65 310.80 .!1 310.00 .29 56.32 310.69 .B2 !1.59 !1.38 11.15 11.53 165.66 .98 318.18 
53.99 313.1l .II 312.35 .11 56.61 311.10 .46 310.61 .30 55.31 371.54 .82 41.66 41.65 11.41 11.19 166.71 .98 319.34 
51.91 314.61 .13 372.61 .18 51.62 311.86 .15 310.88 .31 53.29 312.23 .64 40.84 !0.63 4D.!O 40.11 162.65 .97 318.29 
49.91 316.12 .II 31!.31 .28 52.56 313.61 .46 312.56 .33 51.23 373.85 .65 40.6! 40.63 40.39 40.16 161.61 .98 378.12 
47.91 318.00 .32 375.40 .25 50.56 315.60 .41 311.01 .33 19.23 315.13 .62 40.11 40.51 40.28 40.64 162.15 .91 318.05 
!6.91 376.90 .21 315.89 .21 49.59 316.41 .42 31U3 .33 48.26 316.02 .79 !U6 40.15 39.92 10.29 160.11 .91 317.58 
45.99 319.03 .21 316.16 .16 18.6! 311.23 .36 315.11 .31 11.31 376.34 .18 !U9 40.36 40.16 40.51 !61.65 .91 311.96 
45.01 319.18 .16 316.!1 .15 !1.66 318.15 .29 375.10 .29 !6.33 371.01 .17 !0.63 40.!2 !UO 10.57 161.83 .97 311.68 
44.01 319.32 .16 316.29 .15 !6.66 318.46 .22 315.97 .27 15.33 317.19 .15 !0.13 4D.>I 40.29 40.65 161.18 .91 371.80 
13.01 376.91 .ll 315.88 .11 !5.66 378.9! .15 316.12 .24 4!.33 377.08 .15 4UI IUO 40.06 !0.!1 161.33 .91 311.61 
!1.99 378.01 .21 315.21 .20 lU! 318.81 .11 315.66 .23 43.31 316.82 .16 40.35 40.14 39.92 40.29 160.69 .91 311.18 
40.91 311.32 .28 31!.11 .22 43.62 318.67 .14 315.B1 .2! 42.29 316.ll .16 40.39 40.19 39.97 lU! 160.90 .91 311.38 
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TEGENA I WALL TEMPERATURE 
GUTER ROOS HEATED DIR A TAB.' A28 
F J üLWS;:. DAT 
R·t = 60. ~'E+03 PE -··n::o ").-, MS = ' 18 \KG/5) -·~'"-'}' L.i.. ,, . 
UB = 1. 95 I~ Ir" 1 QH1 = 1 "!L tW cw-·2) QH2 = I)' !)I) (W/CW21 \ "/~·I 1 .... •u 
Üh·~· = 0.00 (WiCM·~\2) QH4 = 7.42 !W CW·2l NB = 29.05 (KWI 
Tell -·~:C(7 91 ([:) TNO =304. '" •r TNH =301.33 ([) l!...n -L 1 I 1 1..! \c. 
C"' i'iEO ME! ~1E2 ME3 HE4 HE5 ·I 
'l'J.I' (Cl \L! (Cl tC:• (Ci (Ci lliil' 
11.00 299.51 301 ,54 304.27 306.86 309.66 
25.20 t;:QO ~~ ")00 oc: 3t)2. 39 305.58 307.82 310.67 1.. I L' 1 I·~' LI! t\ .. .'\.J 
.)~ .• 40 299.32 301 '32 ::.04. 30 306.76 309. 7(1 
55. 4(l 297.6(1 301.28 304.06 306.54 309.46 
~~tl I t~O 299. 0'1 302. 12 304.66 ~~07' 20 ~~o~·. 51 ik 
Sü. oe. 298. ~·8 299, 19 300.26 302. 12 303.50 305. 12 I"'' 
95~30 2%.95 299.27 299.68 ::.oo. 67 301.52 
109.6.5 29~' I j(i 298.93 299. 17 299.53 '"';Of . 94 LI I' 
124,(;!} 298.71 '";100 (\t:: 2991:11 300.04 31)1),96 i.i I 1 V·-' 
138. ~.5 298 t 5'1 29S'. lt; ~.oo. 14 3(11' 90 :.02. 94 304.78 
'" 152.70 29~'. t.l 302.07 304.61 .306. 95 :.os. 69 
; L\ Oi"1 298.64 301. 11 303.62 305.94 ~09.03 .lUV1 i·.' 
1 C=t:: C=(\ 298.71 301. 18 303.84 306' 4(l 30~·. i ~ l'-''-'' 1\1 • I 
194. !0 •')00 18 299.39 302.00 304.66 307.27 310.31 L iUa 
208.30 298.88 ::.oo. 86 303.69 306.33 309.34 
231).30 298.66 301 '06 303.91 305.94 309.01 
241. ~!!) 299.53 302.07 304.54 306.76 309. 10 
·-:C:t:' QC" 
L._• •• J, ' • .!J •·-;.,:rq iL i.. ,'\";I f U 2~'8' 98 300.16 302. 17 303.41) 304.90 
270.20 298,83 299.1)7 299.61 300.26 301' ~.2 
284' 55 298178 i:98. 78 298.81 297' I 24 299. 95 
298.90 299,1)3 2~'9, 12 299.51 300.33 300.82 
313.2:1 298.90 ·100 C•C ;.. fl..'c ; .. :u 300.28 301.86 303.35 304.56 
327.60 29~'' 68 302.22 304.78 306. ~·s 308.62 
338.8(! 299. 10 ,, 301.61 303.86 306.54 309.05 
TE3~NA 1 WALL lEMPERATURE 
ROD 1 HEATED DIR A 
F25L W.SA. r~AT 
RE = 60.5E+03 PE =356.85 
UB = 1.94 IK/Sl QHI = 14.98 
QH3 = 0.00 IN/CHA2) QH4 = 0.00 
TEN =292.23 (C) lNO =305.22 
r.c· ~· riEO HEl H"'i l..k iMHi (Ci (Ci I Cl 
11.00 300.41 305.01 
25.20 299.08 301.28 3(16.70 
33.40 3(H), 17 304.H 
55.40 298.40 304.64 
66./:/l 301.26 306.53 
80.95 299.40 29~·. s·o 302.44 
QC 7-'1 
, • ..,l,._il •• 299.30 3(i(l, 07 
109.65 299.52 299.40 
124.00 299.01 299.28 
138.35 299.15 29S' I 30 299.08 
152.70 298. )'9 ")ÜCr . ..,0 ;..!Ut I i 
163.90 298.65 29B.7ü 
185.9!) 298.62 298.67 
194.10 298. 77 2'19 I 0.3 298.67 
208.3ü 298. ss· 298' 45 
230.30 298. t.7 298.74 
241. 50 299.01 298.72 
255.85 299.35 29cl.15 298.82 
270.20 2S:9, 18 ')~IÜ ,•J(I /.,t itJ..•,I 
234.55 297'.15 299.18 
298.90 291'.49 2'19. 71 
313.25 29'1, .35 29)'. 42 302.25 
327.60 301.02 301:.. 48 
338' 8(i 27'9. 98 305.03 
TEGENA ! WALL TEHF'ERATUF:E 
ROD 1 HEATED DIR B 
F25LWSB.DAT 
RE : 60.2E+03 PE =355. jt_, 
UB = l. 93 \Mi SI QHl = 14.98 QH3 = 0.00 (W/CW2) QH4 = 0.00 
TEN =298.13 ([:) TNO =305.16 
CP MEO ME! M"·~· 1..4 (MMl (C) (C) ([:) 
11 '(Ji) 3!)0.17 304.89 
2~t, 20 298. 77 301.19 30t .. 58 
33.40 300.05 304.62 
55.40 2'?8. 28 304.55 
t .. ~. 6i) 301' j.~ 306.33 
80.95 299.06 299.i8 302.30 
95.30 299.15 299.88 
1 (l9. t.5 29S', 40 299.28 
124.00 298.89 299.15 
138.35 299.06 299.15 298.;'6 
152.70 298.86 298.67 
1 b.:.. 9(1 298.5(1 298.60 
185.90 298.57 298.55 
194. 1 (1 298' 77 298.79 298.61) 
208. 3(1 298.82 298.36 
230.30 298.55 298 I t~5 
241. 5(1 298.89 298.62 
255.85 299.30 298.94 298.74 
270,20 299.20 299' 13 
284.55 299.03 27*9 I 08 
298.q(l 299' 4(1 299.59 
313.25 299. 1)8 299.32 302.15 
327.60 3(J(i.94 ~·Ot .. :,s 






























MS = 3. 16 
QH2 = O.(li) 
NB = 29.50 




















':•QO t t:: 








MS :: 3.15 
(W/CH-"2) QH2 = 0.00 
!W/CH-''2) NB = 29.49 







311. 4(1 316.32 
305.73 308.82 
300.85 ~~02 r 57 
299.49 299.95 
2S'9 .15 299.15 
299.32 298.89 
298.91 298. 1'9 
298.60 298. 41) 
298.92 298.65 
298. t•7 298.57 
298. ~,!) 298.65 
298.91 298.45 
298.77 298.84 
299' 15 299.06 
299.03 299.15 
299.08 299.54 
~.(11), 44 ~.02. ()3 
3(15.13 308.29 
~,11.26 31:1,88 
































































TESENA 1 WALL TEMPERATURE 
ROD 1 HEATE~ DIR A TAB. A30.1 
F26LWSA,DAT 
•·::: = 3t) I 3E +(i.j !=·C =177,55 MS = 1.5 K6/S) 
"'" 
.... 
UB = 0.96 {M/S~\ QHi = 14. 9b (W/CW2i QH2 = 0.0 W/CM·~·2) 
r·u-r 
•.:.!! .... • = 0.00 (W/CM.'\2.1 QH4 = 0.00 (W/CW'2) NB = 29.4 KWi 
TEN =297.5! if'\ ,~. TNü =m.s8 {C) TNM =3ü4.5 Ci 
CP MEO M~' lltl ME2 rlE3 ME4 ME:, 
(MMi ([) \Ci ([) (Ci {C) \Cl 
11. (l(l 3t)1. ü4 311.23 321. 73 3.31. 5(i 341. :,s 
25~20 298.04 302.74 313.40 324.49 334.16 344.58 
33,40 301.14 311.19 321. 8(1 331.69 341. 88 
55.40 299.16 310.97 321. 30 330.92 340.81 
66,60 302.59 312.70 321. s~5 330.66 338.92 
80.95 '}QO AC.: i..tllt"':I.J 299.91 305.78 2·12.17 317.93 323. BO 
95.30 2%.41 300.46 303.1(1 306.38 30S'. 81 
109.6.5 298.53 298.62 299.25 300.24 299.47 
124.00 2S'7. ~·7 298.26 298.28 298.50 298.91 
138.35 298.04 2'18. 24 297.99 ~")C•O 1' L .1../Ut •p'U 297 I '7'0 298.24 
152.70 2?'7' 80 297.6.3 297.82 297.90 297.66 
163.9(1 297.41 297.51 297.49 27'7. 32 297.90 
185.90 297.44 297.49 297.68 297,53 297.70 
! 94. 10 297 49 297.73 297.51 297.56 297.46 297.80 
20B.30 297.73 297.29 297.39 297~51 2S'7. 90 
231), 30 297.51 297.58 297.82 297. 3.~ 297.82 
241.50 297.90 2S'7, 58 297.68 297.75 ':007 Rf1 t. i I t Uv 
")~t:' oc 
i..-.JI..II I..I•J 298,24 298.02 297.75 298.14 298.09 298.02 
270.20 ')C'tO 'JO 298.21 298.09 298.41 298.84 i.../1..1 t LI..' 
284.55 tjC•O \0 298.26 298.53 299.69 300.99 t.Ji..'t.l! 
298,9(1 298.58 ")00 r.:., LI Ia J/ 30 l. 89 ::.o5. 44 308.22 
313.25 298.41 299.11 31)4' 6'1 310.63 316.75 322. 14 
327.60 302. 2~ü 312.27 321. 18 329.49 1~' ~I ... ,.)b, I q 
338.80 3(10. 70 31!. 21 320.77 331).35 339.61 
TAB. A30.2 
F26LWSE:, DAT 
RE = 2'7'. 9E +03 PE =175.67 MS = 1.55 (KGiS) 
UB = 0.95 \M/S) QH1 = 14.96 \W CW'2i QH2 = 0.00 \W/Cif2) QH3 = (l. (li) tw:n.t·""·"n d1i ',.d I J..t QH4 = '(il 00 (W CN''2l NB = 29.46 i'Vt,J\ 11\R/ 
TEN =297.ü5 \Cl Ti40 =311.27 (C TNM =304 .16 (C) 
CF' MEO HEl ME2 HE3 HE4 ME5 
\tiM I V'• ~· (C) (Ci !Ci tCi (C) ! ! . l)(i ~.oo. 97 :.JJ. 18 321. 75 331.64 341.76 
25.2(! 2'7'7 175 302.63 313.40 324.49 334.27 344.82 
33.40 301.01 311.09 321.8-7 331. 85 :.42.12 
55.40 299.05 310.92 321.29 330.99 341.02 
6616(1 302.44 312.63 321. 89 330.78 33S'. 06 
80.95 ~·98. 1 .~ 299.71 305.65 312.07 317.95 323.84 
~·s. 30 298.40 ~.oo. 34 302.97 306 .• 43 309 I~~~ 
109.65 ")00 10 L r\.it <..1\.i 298.47 299.15 300.19 2'19.42 
124.01) 297.94 2S'8, 14 298.18 298.40 298.81 
138. 3~· 297.94 2'18.14 297.89 298.26 297.80 298.16 
152.7(1 297.77 297.55 297.72 297.84 297.60 
163.90 ·~Q7 'lC i..tl t.i..l 297.41 297.41 297.24 297.82 
185.90 297.41 297.41 297.60 297.48 2~'7' 63 
194.1 i) 297.46 2'17 I 55 297.41 297.51 2S'7 I 38 297.75 
208;3(l 2'1} r63 2~'7. j 9 297.34 297' 46 297.84 
230. ~.(1 297.41 297.48 297.77 297.29 297.77 
241.5(1 297.80 297.48 297.63 297.68 297.75 
255.85 298, 18 297.94 297.65 298.06 298.01 297.94 
270, 2(1 ... JOO 11 298.06 298.01 298.28 298.79 L.!Ut 
284.55 298.06 298. 14 298.43 29'1, 59 31)0.97 
298.90 298.40 291'. 44 301.81 ~.(l5. 46 308.26 
·313. 25 298, 18 ?üQ iJ1 3(14. 59 310. 6(1 316.82 322.21 ... I ,,I,. . ., 
327.60 3021 1)8 312.24 ''321.17 329.58 336. 1'1 
338.80 300~55 31!. 16 32C), 79 33(!.46 339.87 
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TAB. A31.1 
F24~WS~;. CrH T 
F:t = 15.3E+(L3 t)t:.' = 89. 94 MC = !,.',Cl!) r-:.8/31 I ~ ,,._. 
UB = 0.49 (M/S.J QHt = 7 .44 (W CJ1··2J nw·-:. = 0.0(1 W!Cr/"·2:· ........ 
VH:. = (!, (ii) \ w .. ,.cri·' 21 QH4 = 0. Oü (V) CW'2l l'"· = l4.6S r.~w J ~~ t• 
F'' =27.5. 7 7" ~ c.! r~~o :1 .. ;0 C'~"'o (C TNI1 =302.69 Ci .... , ....... I .~7 
CF ., .. , ;,; .. ..; HEl riE2 i!E3 !<i"d Ia .• , ME5 
~ M~1 i !Cl {C/ (r' ~I !Cl {C) {C) 
l ! (!(i 299·.4~· ~.os. 92 '10 _)lU1 1 i 1-; L 1''1 ... ·~1..'' ........ 334.48 
25. 20 2Y5. 7" 300. 71 310. ~'1 320.37 328. 17 1H 41 ,J ~-'.!.. ·~'·-'\..'I 
3~ .• 40 299.86 309 I .~ ._!;j 318.92 ~.26. 90 334, S'8 
~t:' d."• 298.05 309 I 2'? 318.20 326. 'I 333.90 J._l, , .... !I 
66. 60 ~·l.fV, 71 309' 'I q, 3i7.22 324.43 330. 91 
80. ~·s 296. :.s 297 I '15 303.54 3(i9. 43 314.49 <I 
"' 
9 45 
95. ':;/t ~";Ol. ·"H::l 298. L~ 301 r:c. 304.89 308. 15 ·-•:,1 /..11..'• .i..U IN ''"'u 
109,S5 296. 33 296.51) 297.49 298.80 298,41 
124' !)(! 295. C·1 296. 09 2~'6,23 296.62 297.35 ,,_ 
!3e.35 ')Qi. ')1 ·~·OL r-;1 ")OC' C<i 296. 19 295.70 296. 14 i... I "-'I J. ·~' ö..lVt /.. ·~· i..i•..lt\..1 1 ];j,i, 70 295. 77 '}1J!:', r:t 295.58 295.65 295.36 l. , .... ,.*11 
163. 90 295. 39 295, 34 ')UI:' '")·";: i..!.JtLL 294.97 ").Jt:' C:: I L.i...J.--J4 
185. 90 295.3t. 29~1, 31 295.41 ")QC', 19 2~·5. 31 L,I.Jt 
1 '14. 10 'iOC: j·j ')0~ 77 •1QC 34 295, 29 295, 12 i'95. 43 Li ,_J I }.L i..!·.J· i-1.J1 
~"';f1C• 3(1 ·')(sC' 65 295.09 295. 12 •:.q~ 17 295.53 
.L'.'l.'t l. I •,) 1 l.. 1 l-1 1 
2.30. 30 295.51 I")QJ:' t.!Jo 41 295.58 295.00 •')Qt:' .:",..,1, 48 
241 I :~o 295.94 295.46 295.46 295.46 2~'5, 53 
255.85 2S't., 48 29/: .. 09 295. bö 295.99 295.92 295.97 
'jf(; 
Li 'J I 20 296.33 2S'.~ I 09 296.09 296.55 297.37 
284,55 296. 14 296.28 296.91 298.39 300. \<; .... 
29B. 1'0 296.50 '::Oü L IUt 19 300.83 304.26 3(1t .• 99 
313.25 296.38 ~"';0'1 J..l/t 13 302. 74 .308. 20 313.S3 3!8. ·~ ~· J..
'Fi"T 
'6(1 299.86 308.32 316.08 323. 13 329.06 ·.'L; 
338, 8!) 2S'9 I 1! 308.85 117 .09 1~")t: 15 7"r'l LL u ... 11/ .... l..., • ·~l·.IJ.. 1 \.,1\J 
TEGENA 1 WALL TEHPERATURE 
ROD 1 HEATED DIR B TAB. A31.2 
F24LWSE:.DAT 
RE = 15.2E+03 C•C = 8)', 58 ~1S = 0.79 KG/S) I ~ 
UB = 0.49 \M/Si QH1 = 7.42 (W/CM"2l QH2 = 0.00 W/CW·21 
n!J( 
= 0.00 (W/CW·2) QH4 = 0.00 (W!CW·2) NB = 14.61 KWi •.:.:111..' 
TC'~J 
,L.," =295.65 (r·: C• I TNO =3(19. 4.~ ([) TNH =302.55 [) 
i·C• C•l 
IJr-1", 
rlt'J ME1 Mc~:c 1/L..l. r~E3 H~' t.q n~· t,l 
{MMl tr·\ ll-11 \Cl \Cl ([) \Ci \Ci 
11.00 2S'9 I 82 309.34 318.47 1FJL I, ·.'.L.I..'t b.I.J 334.72 
25. 2(i 2'15 I 85 30L 17 3!0.98 320.73 ('~10 "1•:l ... •.;.u, , 1 'r1L ..,,._,u, 70 
33,40 300.3(1 309.89 31 s·. 26 327.21 335.29 
55.40 298.49 30S' I 72 3!8.56 326.40 334. 1 'i 
66. t/1 301.08 30S'. 75 3i7.50 'r'!d L 7 1.1 i.. 11 U/ 33!. 22 
20.95 296.40 ")ij0 ·1·l J..!'-'tJ..i... 3i)~ .• 81 309.63 ~.14' 7 4 ~.19. 79 
95.30 296.33 298,78 301. 73 "'ti"IC: I' 3(18.47 ·~''·' o..l. .o 
109.65 296.31 29t .. 55 297.54 ·-: .. :Jo o~: i. .'L't /•Ql 29a.66 
124.0(; ~"';OC: i7 296.04 296.28 i'S·b, 72 2S'7. 54 t,.!.._,, 
138.35 '!Oi. L i\..1• 1! 295.99 295.75 ·JOL L ( ;.•, 16 295.80 296.31 
152.70 2~'5, 56 2S'~r,44 295.63 295.80 295.61 
1t.3. 90 ")Ot:' J..; ~~. 19 295.34 295.31 ")Qc:' LI J, 17 295.80 
185. S'O 295.22 2~'5, 29 ~";Oe:' C7 LI~..;, ._L,_i 295.41 295.63 
194. 10 295.44 295.51 2'15. 29 295.39 295.31 295.73 
208.30 295.51 ")Qt:: L ,._,, 1(1 295.24 295.39 2S'5, 82 
230.30 295.29 295.39 295.65 295.i9 295.80 
241.50 295.68 295.39 295 I 4t, 25'5. 58 25'5, 77 
,,~=: oc: L~~..~, U...J 296.33 295.8(1 ~"';QC C:".' .L.IJ,,_I._i 295.94 295.97 296. 1 1 
270. 20 ~'7JOL 11 296.02 296.07 2~6.65 297 I ~~2 J.. fUt 
'":•C·' c;-L•'~,_,j 296.02 296. 26 296. ;·t. 298.51 300.3(1 
29.S.SO '";:OL c:c: i..IU1 ,;\..1 298.32 31)0.98 3(14,41 307 I 19 
313.25 '')Co~ 1 L i.. •''-'• ·.•u 297.32 302.94 308.44 313.82 ~.! 8. 52 
327.60 3(i(l' 13 308.61 ,. j I (':; ..... o ..... ..., 323.44 32S'. 25 
338.90 ")Q~I C'1 J..lttJJ 309. 19 3!7. 41 325.44 332.87 
----
13:11:05 JUL02,1987 H198.DAi TAB.A32 15:59:57 JUL01,1987 H190 .DAT TAB. A33 12:20:38 JUN29,1987 M16B.DAT TAB. A34-
TKGKHA 2 - WALL TEHPKRATORKS TKGKNA 2 - HALL iEHPERATURKS TKGEHA 2 - WALL TKHPKR!TURKS 
CHANHEL PKRIKERiER HPl/2/3/4/5 CHANHEL PKRIKKRTKR MPl/2/3/4/5 CHAHHKL PKRIHERTKR HPl/2/3/4/5 
TBI : 318.2 c DiC : 59.0 K · iBI : 333.8 c DTC : 40.7 K iBI : 334.3 c DiC : 41.8 K 
UB : .99 m/s Re =maL UB : .97 il/S Re : 33283. UB : .96 m/s Re : 33010. 
QHl : 2l.l'ri/cm·z QH2 : .0 W/cm"2 QHl : 21.3 W/cm"2 QH2 : .0 W/cm·z QHl : .0 1!/cm·z QH2 = 21.7 W/cm"2 
QH3 
= 
20.9 1!/cE·z QJH 
= 
21.0 W/cm·z QH3 : .1 W/cll·z QIL4 
= 
21.2 W/cm"2 QH3 
= 21.5 W/cm·z QH4 · : .0 W/c11·2 
c p HPl MP2 HP3 HP4 HP5 c p HPl HP2 HP3 HP4 HP5 c p IIPl HPZ HP3 MP4 HP5 
111 c c c c ' c llll c c c c c I!! II ,C c c c c 
11.00 323.34 338.586 353.05 361.04 381.8 11.00 338.40 353.789 368.85 3B3. 25 398.0 11.00 .334.37 33L3H 335.47 337.22 34U 
25.20 323.72 339.089 354.45 368.47 JBU 25.20 339.64 355.643 371.65 385.83 401.2 25.20 334.10 33U99 335.49 336.57 339.4 
33.40 322.12 336.241 350.55 364.24 379.4 33.40 337.54 352.551 367.81 381. H 396.1 33.~0 33U2 333.889 335.42 336.91 340.1 
5UO 322.62 336.265 349.28 362.77 317.4 55.40 337.56 352.694 366.38 380.08 39U 5UO 333.92 334.536 336.28 338.75 3U.7 
66.60 323.65 335.667 348.33 361.40 373.9 66.60 340.07 353.146 365.41 378.10 390.5 66.60 33UO 336.403 340.64 345.99 . 351.8 




95.30 318.60 322.860 329.99 339.18 348.9 95.30 33U4 335.383 338.57 343.97 m.9 95.30 340.73 355.137 368.84 38U9 39U 
1109.70 320.99 329.222 338.28 348.42 357.6 109.70 33Ul 33U26 335.67 338.28 3H.5 109.70 338.60 353.066 369.12 38UO 398.8 
12UO 323.92 m.o64 353.60 366.67 319.0 12UO 333.83 336.364 339.93 344.78 350.5 m.oo 339.85 35U04 3E8.53 381.11 39t l 
138.40 322.14 338.251 355.43 371.03 386.7 138.40 336.01 3H.348 352.53 361.02 370.3 138.40 335.76 343.599 353.26 361.89 370.9 
152.70 32U8 30.956 358.47 374.81 389.9 152.70 339.78 354.813 367.43 379.83 390.9 152.10 333.94 336.188 340.30 m.H 350.9 
163.90 321.61 338.060 353.57 369.32 385.6 163.90 336.58 352.146 366.69 360.43 39U 163.90 33Ul 334.057 335.57 338.08 342.2 
185.90 322.79 m.m 353.36 369.08 385.1 185.90 336.67 352.408 367.33 381.96 39U 185.90 333.48 333.865 33U8 336.55 339.6 
19UO 324.76 340.284 355.40 371.50 387.6 194.10 339.43 355.360 370.22 385.20 400.1 19L 10 333.87 333.841 33U4 336.09 339.0 
208.30 321.85 336.289 351.45 367.33 38U 208.30 336.99 352.051 366.93 381.20 396.0 208.30 333.87 333.841 334.85 336.67 339.9 
230.30 322.16 :336.768 m.oo 367.31 3BU 230.30 336.84 352.003 366.34 379.59 394.1 230.30 333.75 334.608 336.43 338.34 342.5 
m.so 323.36 339.040 355.88 371.95 389.0 m.so 339.88 353.908 366.60 378.69 391.4 241.50 33U2 336.810 340.80 345. 3~ 351.3 
255.90 321.32 336.337 353.02 36B.H 38U 255.90 335.60 343.035 352.53 360.83 370.5 255.90 336.55 345.508 35L26 362.60 371.2 
27 0. 20 323.27 337.007 349.81 363. 53 379.1 270.20 334.16 336.005 339.88 345.09 35U 270.20 339.54 356.065 310.12 382.51 395.1 
2BUO 319.52 326.655 335.67 345.85 358.2 28UO 33U4 334.569 336.17 339.23 343..2 28UO 337.84 354.018 370.62 385.54 400.2 I 
298.90 318.82 322.428 330.64 338.85 348.6 I 298.90 334.43 337.489 342.16 346.83 351.2 298.90 340.95 356.136 369.35 382.56 395.5 
313.30 320.67 329.791 339.H 348.52 357.9 313.30 336.20 346.043 355.22 363.58 371.1 313.30 336.55 345.485 35U5 362.77 312.3 
327.60 m.ss 340.236 353.60 365.67 317.2 327.60 340.05 355.670 369.37 381.44 392.5 327.60 33UO 337.193 341.52 346 .1 0 351.7 
338.80 322.64 338.215 352.10 365.95 380.0 33'8.80 337.70 353.408 367.74 381.96 395.8 338.80 33U9 335.158 336.40 339.06 342.7 
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TESENA 1 FLUID TEMPERATURE 
L'lR B 
TAB. A35 
F~E = 30.3E+ü3 MS = L 5S' 
Li& = t\ S·i (K/SI QHJ = 0.00 IW/CHft2l 
TEN =2C,'6, 64 \Ci 
F'E =17E:.S2 
GHl = (:o, (i(l 
QH4 = 7. 79 




QH2 = (l.üO 
fiP. = 15.29 



































~' ":• 1l 















TE5ENA 1 FLUID TEMPERATURE 
DlR A 
F;E = 30.JE+03 
UB = 0.97 !M/S) · 
GH3 = 0.00 (W/CH~2) 
F'E =1i8.18 
QH1 = 0. 00 
fiH4 = i. ~~s 














































it.3ENA 1 rLU!D TE~F·~F:kTURt 
DlR A 
F:E = 3(l.3E+03 
UB = 0.97 {M 5) 
QH3 = 0.00 (W CMA2) 







I I ·~1 
i·"; 







1. 1 !) 
1. 29 










1 I '-''.J 
1 ,)'3 














31 .3. 62 




;.j 2. 76 




































HS = 1.58 
QH2 = 0.00 



































iC ~0 J.l ....... 
19.55 
1 ~·I S4 
HE: = J. 59 QH2 = 0.!)0 























(:, j 6 
(~. 13 

























































(; i ... l 

































~·C· L ,_, .... , 
29b. 
296. 9 












































? • 78 
-; 'iC• 
































TAB.2 TEGENA 1 FlUID TEHPERATURE 
DIR B TAB. A38 
F30LWSB. DAT 
RE = 30.0E+03 PE =177.37 
UB = 0.96 (H/Sl QH1 = 0.00 
QH3 = 0.00 IN/CMA2) QH4 = 7.39 
TEN =296. 71 I Cl Y21 = 2. 7i 
(W/CM'·2i 
\ W i CM--'·2 i 
IMMi 
MS = 1. 57 
QH2 = i). (10 
NB = 14. 5(1 






















84 I 9t~ 
Üi.. C:•i 


















t.t .. 79 
t.e. 72 
70. f,8 























































27'8, 7 .~. 
























































UB = 0. 98 (H S) QH1 = 0. 00 (W/CM·~-·2) 
QH3 = 0.00 IN CHA2) QH4 = 7.86 IW/CMA2) 




87 I 26 





st .. :d) 
J\:. = ,~,(:I 



























































y:·! = 1 . ! 1 
; :: i 
I" l (C 
7'":0 







~ f 1 C• ~ 
o.1 l1.1 J 11 
~\7 C":; 






2S'7 I 51 























































~S = 1.59 !KS/Si QH2 = 0.00 (W/CNA2i 
NB = 15.44 (KWI 





V! .i..t /•.J 
~~12. 65 
1 ~ "':• ~;:: 














~s = 1. 58 
QH2 = 0.00 
liB = 14.98 














































0 I 4 t, 
01 4:1 
I) I 41 
0.40 















7. ~.o :.o3. 56 
7.31 ~.03.38 









7. ;_,g 303. 15 
7. 37 ~.(l3. :;2 
7.35 ~.03.42 
7. 35 303. 3~. 
7.35 303.68 
7 I :~4 ~~03 I 58 
7.36 3(1~ .. 52 







































































29'' f 90 
299.77 
~.i)(i' i 1 
"::OC• c=. L; I• ,._, 
































MS = l.b(i (f:S/S) r .. c = 3(l,St-tG'3 
UB = 0.95 (HiS~ QH3 = 0.00 i~/:H~2) 
FE =180.13 
Qfi1 ::: 0. i)(i 
QH4 = 7.88 
A22 =-4 4.17 
IW/CHA21 QH2 = 0.00 IW/CH~2) 
(W/CM''2l NE: = l5.4i \U!I 










14 I 1 (l 
'' '" !,..., ..• , 
A22 
. I L~ES 1 
-44.~'7 





_,, 1: . . ~;~ 






1 C'• ; t 


























1 s·. 58 
t8.87 

























~.i 4. ~;9 
~~151 15 
TAB. A'+-2 
MS = 1.58 (KS/S) RE = 30. 1E+03 PE =177.90 
UB = 0~ ~7 (M/E:/ QH1 = 0.00 W/CW2l QH2 = 1),1)0 (~/CW·21 
QH3 = 0.00 (W/CMA2) QH4 = 7.73 W/CMA2) N9 = 15.17 (KW) 





l ~. ,\ j 
! ~~I I .. 
Ji:..i1 
1 t, I 85 
17 I ~~t, 
18.2S 
!E:. )'5 























































312 I t~~~ 
312.23 















RE = 30.4E+(:3 f'E =17~',6(1 MS = 1.5~~ 0:::8/S) 
UB = 0. 98 U'liSI QH! ::: 0. (H) (W/CW'2i QH2 = 0. 01) (~/CH'·2) 
QH3 = 0.00 (W/CH·"·2) QH4 = 7.69 !W/CM .. \2) ~~B = 15.10 (KWJ 
TEN =296.21 (CJ A2l = 44.72 {DES) A22 = 48.66 (DEGJ 
F:21 
17.5.S 
t L. c < 
~ 1,; I I, 
! .~., 21 
15.49 
! A. 75 
14.(!4 
I 1 c•D 
• •J I i.. \J 
A2i 
• {DES) 
4 4. 7 2 
44.92 




1 0 C•1 
!\ . '1 I! 













. :.o. l ~ 
RE = 30.2Et03 PE =178.67 
UB = 0.97 tH/SJ fiHl = ü. 00 QH3 = 0.00 (WiCHA2) Qk4 = 7.63 




I c~ 1 
0~ 
,;,..;. 
4 51 ::·7 
4 5. 10 
4: I ~>4 
~51 ü.2. 
44.:1 
4 ~I ~·1 
44~S7 
~:22 






















i . 4:3 
1 I 22 
! . ~'5 
! . 6!) 
1 I 4 ~) 
,.., .·."'1 
.. 11\o. 























Fr 1 .~ 
........ ,.".-; 
'":I C:': 
.,; • ' J ~· 
,., 1~ 
.._, ~ I ,_o o 


















< 11 C•O 













~ { t; .:::; 










I i L 





.309. i 1 
31 (l, 14 
310.16 
310.69 







































F3t.D44?;. DH T 
E24 
Cl 
t '7 O·i 
.Li't\.'.1.. 





















i I 87 
7. 73 
(i. 1 (i 



























(i' t_, 1 
0156 
FLUID TEHPERATURE 




























































TE5ENA 1 FLU!D TEMPERATURE 
DlR A 
RE = ::.0.4E+03 
UB = 0.95 !M Sl QH3 = 0.00 (W CMA2) 
F'E =177.41 
QHl = 0. 0(1 
QH4 = 14.93 











-7 9 I 5.3 
-8~'.83 
,•,-,i 
r . .:. ~ 
\DE2i 
-I~ ,:, :_ 
.:.; ,._.,_, 
-
11 ~ C•.-1 


















13. j 6 
1"7 .:-.: 





J. '"!I i..',l 
14' 31 
i J • i l ,,.q. 
!4.60 
14' 76 





















-:i 1.) I LU 
-60~27 



















TEGD~A 1 FLUID TEMPERATUF:E 
DlR B 
F70r:A3B. DAT 























HS = 1.57 
QH2 = 0.00 
I~B = 29.32 















14 I i9 
!4.62 
! 4' 41 
! 4. 3! 
14~20 






















-L C•O 1~1 I i ! 
-15.57 
_ ... !7 , i.. 







_7"7 oc I'"'' J ,. 
-82.81 
TAB. A46 
MS = 1.58 11::8/SI UB = 0.97 (HIS) 
.QH3 = 0.00 IN/CHA2) 
TEN =299.71 !Cl 
PE =179.23 QHI = 0.00 
QH4 = 15.24 
R22 = ß.04 
IW/CHA2) QH2 = 0.00 IN/CM~2l 




















-= . .-. :. =. 
·..!Vo ,_.IJ 
-~t.l~)i 
--:: C• I-~ 
'•'!o'..'·.J 
-.::t.. 4 5 
_'";-; ·-:.--; 
















1 7. b / 





~ ··' • ! ' 
r .? I 4 7· 





















-so I 7 ~l 
-45~52 
-:· 0. 1 t) 
',•, ........ 









.1. ~·• ~.o'V 
15.53 





'M . !.11 ; 
i '04 
I t1L. 
~ I '·.' iJ 




1 I~ 7 
1 • S'5 
i .21 
1 I ~ .j 
1 (.; 
fHMI R21 = 14.87 IMMi 
TE21 
I Cl 



























- ~' ~:. 5 
















i"' j") l'"'' J/ 
I~ t:.l 









1 t1 ; ,) 
~ ' ' •• :""! 

















-.s . 03 
~ r,-;-
i ,._._, 
-,~, I 09 
::. I 09 
-,. ü·";· 
i I i..'.l. 
-; '4 ~. 
-~ I 1 t, 
-~, I 42 























i ~ AI 
















14 t ~:8 
1 t'. ·-:· L 




!1_1 I \.1 j 
15.56 
1 c: t:~ 
l 'o. 1 I \.'·J 
16 I (~6 















; r· \ 



























~ .. :: [. t:. 
o.i o\.1\J 
29 .44 
r: .. : {.. 7 
.i..t' ..... , 
27 I 49 
29 .2~ 
2~ .33 





29 . 47 















1 • 45 
1 . 51 
1 .83 
1 . 8! 
1 .93 
1 .01 
i . 78 
I 4~' 
Ii 




















.. •1 :.'1 :..•v 
:.13. b4 




3 j 31 t,t) ~ 
~11 -;t: 
'"' i ·~' ' I ·.J 
'7i'7 "7'7 
.... l ~·, ' J 
1 i 1 :. J. 















1 I ~·3 
1 I ~'5 
1 I ~.5 










































































•• -· 1 
1. ::·9 
I c.: 











TESENA 1 FLUl D TEMf'EF:ATURE lAB. A47 DJR A 
F70K44A.DAT 
RE = 30.5E+03 PE =178.40 MS = l.58 IKS/Sl 
UB = (1,97 iMSJ QH1 = 0. 00 iW/CM·'2i QH2 = 0. 00 (iliCW2l QH3 = 0.00 (W CMA2) 
TEN =299.51 iC 
QH4 = 15.11 (W/CHA2J NB = 29.68 (KWJ 












































































27 0 17 











































































































RE = 30.7E+03 PE =1i9, 18 KS = l.58 iKG/Sl 
UB = 0. 97 iM/Sl QH3 = (1,(10 (W/CMA2) 
TEN =299.51 '(Cl 
QH1 = 0.00 (W/CM·'2l QH2 = 0.00 !W/CM·'2l QH4 = 15.26 iW/CMA2J NB = 29.97 (KWJ 





































































t \.:. ~ 
i :. I !:).J 
:-:: t.-:: 
l ~· ' ;": ! 
····•·.'·.i 
l -, :-=. 
.1 ..... ••• : 
I i : .' 
J ,_I i "'; 
,.., .. .. 
















J o Ii. 
! 71 t 7 











































4 I ~·,~ 
0 (j 













J. ~· ..... '•' 
'r: ! ':: 
'•' I '•''-' 
~ 10 
I.,. 1 I b' 
!,:./ 
9177 
4 I ::t) 
;, 75 
"; ~ ' 
... , .... 1 
~ :. !. 






















14 0 21 
14 0 ~.j 
14.45 
!U.2 
I • '1Q 



















14 I 7S' 
1 ~I,: 2 
I~, 4:) 
14 0 :::o 



















299 I :d 
29S',4'i 











(i 0 41 
(1,35 
o. ~.5 











'')C. 'i ;" 
.i... i I ·~' '../ 
';C =~ . 
.:....- .vv 
29 .60 
7'1 0 :,4 
29 0 40 
: .. ~ . ?5 
2~ I 41 





















































• .. ·l 
.45 



















































































O:.S / ~: i 
)' =.o ......... 
1. ~s 
1. 52' 
!. ~· ~· 
1. :e 
1 t'C ;,._ .... 
1 c-:; ,, ..... ~,.. 
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TESENA 1 FLU!D TEMPERATURE 
DlR A TAB. A49 
F71K43A.DAT 
RE = 30.8Et03 PE =180.34 
UB = 0. 98 IK/Sl QH1 = 0. 0(1 
QH3 = 0.00 IW/CHA2) QH4 = 15.49 
TEN =298.75 ICl R22 = 13.51 
MS = 1.59 IK6/SI 
IN/CMA2) QH2 = 0.00 IW/CHA2) 
IW/CHA2) NB = 30.42 lKW) 
IMHI R21 = 13.63 IMMI 
A22 
















-17 0 34 
-2t .. 57 
_1r:: OL 
-..
















































-1 ~', t.3 





-u .. 17 































TESENA 1 FLUID TEMPEFIATLIRE 
DIR B 
F71K43B.DAT 






















- ":;l:; 11 

























.... .~ ... ., 
14, s:3 
l A C•'":• 
1 "'!I ~I/,. 
14 0 7(i 
15.07 
14 0 71 
i 4 0 2-~ 
13, S"7 
! 3. b1 
TE23 
!Cl 












-t .. 81 
-12.35 
-2.3. 62 










UB = 0.99 IM/SI QH3 = 0.00 IW/CMA2) 
TEN =298.31 ICI 
F'E =181.48 
QH1 = 0.00 
QH4 = 15.57 




MS = 1.61 !KS/Sl QH2 = 0.00 IW/CMA2) 
NB = 30.58 IKWI 























-3tl I 19 
_"._ c.::-

























1 ~' 27 
1 ~. ~3 










- {') 1'~") 
.... i.., ... •;_ 
-23.96 
-15.70 
-7 0 11 
\DE61 
-.s~· I E,3 
-71.64 
-70 0 17 
-b(i, 70 
- 5(i. 71 
_,t:: C'"'} 
, '"'' ...,•L 
-~(·, :·6 
- 2S' I 91 
-:~o. t:1:. 



































-91 1 (1 












340 0 35 
~.43. 14 
34 4 0 84 
F:23 
ti i.l ! ........ 1 
J 4. C·O 
14.2=) 
14 0 :.o 
14. ?3 
i 4 0 f~, 
1U3 
~ c: ~ ' ....... ,. 
15. i7 
1:- I 34 















( [: GI 
-8 I ü4 
-7 .28 
-6 0 21 
-:: I 20 
-4 . 80 
-~ 0 44 
-4 . (i2 
-~ .~6 
-1 I 7ü 



























15, S' 1 
t t:; i·J 
!vt /.l.. 
p:: l,.; 








.327 0 ~d) 
328.61 
::.29 0 51 
33 J. 30 
334.71 
338. 11 









t L r~~ 
! \.i I ·~ W 




















i. i\..'o !U 
298.78 





























~11:. i "'; ~ .. 
i..:lt II.. 























11 ':: t:O 



















12, t. 1 
12 I t.5 
12. 60 
I 'i /t:'. 
;.,;..,;..; 
12 0 53 
i'"l t'"') 
..... ,.J ... 
i'., 1..1. 
l L 1 i,.i._1 
12.03 
12 I 42 
12 I~ 2 
t "; 't 





















1 : •. ~5 
15.46 




























1 I ~~0 
1. t.O 
!.t/1 

















i 5' :.4 
15.49 
15. ~ 1 
\t'. C'J. 
l ...... :u 
15. s.~. 
I::. r,'i 
1: .. :?. 
1~ r~ 
......... : ... 

















1 0 b(j 
1 0 60 
J.t(! 
1. .:o 
1 0 ~ •) 
! I tO 
1 '' 
• 'b') 
1 ' t.(t 
l f t/1 
L t! 
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TESENA 1 F~U!D 7EMF'ERATURE 
DIR A TAB. A51 
F7Jr.:44.4. DAT 
RE = 30.9E+03 
Ua = 0.98 IH/Sl QH3 = 0.00 IW/CMA2) 
TaJ =298.99 (Cl 
FE =180.48 QH1 = 0.\10 QH4 = 15.37 




MS = 1.60 IKS/SI QH2 = 0.00 IW/CM~2) 
NB = 30.18 (KWl 















































1 ~ .. 4 7 
I 1' r:,-; 
l '~1 I ..J J 
13.26 
1 ~ •• 54 
1 ~. ~~o 
13. 47 
13. 4.:. 




































l =. -::-; 
...... 1 ... '1 
15~ o~. 
15.28 
1 ::~. 12 
I • .,..,..., 
,., ., .. , 
.. j I I •.) 
iU.2 
! 4. 72 
14.50 
!4.27 
f 1 OL 
.l'-'1 .'i..' 
13.S4 
TESENA 1 FLUID TEMFH:ATUF;~ 
DIR B 
F71K44B.DAT 
RE = 30.7E+03 PE = 177'. 85 
TEL' I (Cl 


















































































UB = 0. 98 IM/Si QH3 = (1,00 (N/CM~2) 
TEN =297. 77 (Cl 
GH1 = 0,0(1 IW/CMA2) 
QH4 = 15.38 (W/CHA2) 
R22 = 13.63 (MHJ 
HS = 1.59 (KS/SI QH2 = 0.00 IW/CHA2) 
NB = 30.20 (KWI 




















:) 0 ! ~~ 
~.E5 
? . 57 



























":; t C•C 









7 I 3 7 
~ .. ~e 
5.78 
= .. ,.-} 
........ .;. 





'') ·~ ~ 










1 t.l (.!4 
1 t.. 05 
15.99 
15.83 
15 .. :.s 
1 ~.l 1 
.·~,.: 
1
.> d I} 
i '7 ~ -:: 
,1. • I ~"·' 
! 4. (l(l 
·=- ".:. 
·= .. . 


















15 .. 38 
~ 1. s·s 
4 0. ~.,s 
4 4 I 94 
~ 9 I ~.5 
:•7 I 21 
ö : .. s 3 
TE22 
iCl 





34 4. 25 
344.14 
~·44. 71 










15. s 3 
16.01 
! 6~ C'4 
16. 04 
1 !: .• o:, 
! 51 ~·i 












~ ~ 1 '0 





\ [tf:S 1 
-0,1)3 
8. 7•1 
17 I .34 
i~~ I (l5 
~r: ~·~ 




i ·"; c -, 
l.i...l .' ... 








34 3. 77 
343. t,'/ 

























34~ .. 16 
344. 50 







1 ~·. :·s· 
~ :: ~ ":' 
l ._ t ~ .... 
i I~ c .-i 
! ~I '~ 
14. S•) 
14. 71 
14. ~ 7 
1l, :~. 
1:. 7: 





















29S' I 02 
29'? I 15 
299, 12 
299, 13 





















297 I 59 
-.~::: i C'·":· 
i...l! lo..'i... 
297 I t~5 
2S7. 7~' 
·':·:; t:.C 






















1 i i ü 
·.'l t.i/ 
31 . 27 
~~1 '2·~ 
.,){ I 08 
31 • 25 
31 . 39 
31 .35 
7t ~t. 
·.•.t. ..... ~.... 
1\ ~L 
..... ,._,,_. 
31 I 18 
31 • 41 















































































j C, ~ ·~ 




•, = :' ~ 
































I 0, 23 







0 'J\ ··~ 
1 1 t~o(i 
1 j..(; 




~ L i; 
,;,;..,,: 
11 b1:! 
1. t (! 
~ :.. ,·, 
.j I ,_ ·~ 
Y21 : 3.01 .. !2! : .41 .. 
TB! 31B.2 c DTC : 59.0 [ 13:11: OS JOL02,19B7 H!9B.DA! TAB. A53 QB! : 21.1 Mlca"2 QB2 : .0 Nie• ·1 
QB3 : 10.9 Mlca"2 QB4 : 11.0 Mlcm2 mm 2 · nm nmmom tiB : 113.9 kW OB : 
.99 •I• 
Re : 33461. Pe : 1B3.0 PROBE 2 TKHP fLOCTOATIOHS 
!11 TC2l RMS2l IC21 R!S21 !22 TC22 R!S22 TC23 RHS23 125 !C25 RHS25 NB! m NB3 HR4 NB OB !BO 
mo c l c l •• c l c l BS c ! IN IM kM ki iN •I• c 
109.18 3B1.96 .39 3B6.60 .22 112.!3 385.!3 .26 3BU6 .14 111.10 3B5.8! .71 4l.l5 ·.10 41.05 11.!9 123.90 .99 317.25 
101.BI 390.24 .3B 3BB.SB .13 JJO .!9 3B1.01 .33 3B5.95 .26 109.16 3B7.69 .79 11.23 ·.10 10.84 41.21 123.25 .9B 317.58 
105.93 393.29 .34 390.11 .24 10UB 3B9.l6 .39 3BB.I6 .28 101.25 390.19 .BO 41.18 ·.09 40.19 41.21 123.09 .9B l11.B9 
103.95 395.65 .27 392.15 .20 106.60 391.B2 .31 390.61 .19 105.21 392.16 .80 ll.6B ·.10 ll.21 41.11 114.57 .99 318.31 
102.95 396.61 .22 393.2B .11 105.60 391.25 .31 39U9 .28 101.21 393.63 .15 11.61 ·.09 11.22 41.65 !2U8 .99 318.40 
101.94 397.39 .19 393.96 .H 101.59 395.5! .11 392.BI .21 103.26 39!.61 .1! 11.55 ·.09 IJ.l6 IUB 121.19 .99 318.69 
100.91 391.62 .11 39i.!O .13 103.56 396.53 .21 393.!7 .25 102.23 395.33 .11 11.56 ·.09 41.11 41.61 124.26 .99 318.94 
99.B1 39B.2! .19 394.83 .I! 102.52 39B.05 .16 39!.83 .23 101.19 396.31 .16 12.25 ·.09 41.81 !2.28 126.28 1.00 319.62 
96.85 396.9B .23 39UB .16 101.50 398.03 .12 39U! .22 100.17 395.9! .16 41.21 ·.10 !O.B1 !1.29 113.34 .98 319.21 
91.86 395.67 .28 393.24 .19 !00.51 391.10 .13 39U1 .22 99.1B 395.03 .BO 41.33 ·.09 40.92 41.35 123.50 .99 318.91 
96.89 395.01 .32 392.B9 .20 99.54 391.25 .!1 39!.24 .23 9B.21 394.65 .15 41.!2 ·.09 41.03 ll.l6 123.B2 .96 319.28 
95.93 393.69 .36 391.59 .22 98.58 396.06 .23 393.21 .24 91.15 393.48 .16 41.!1 ·.09 4!.01 41.!3 123.16 .99 318.6! 
93.91 391.71 .45 389.19 .25 96.62 39U! .33 39U1 .21 95.29 391.15 .19 !1.43 ·.10 !!.04 !l.ll !23.B4 .99 318.11 
91.94 389.71 .51 366.62 .21 9!.59 392.11 .!3 390.30 .30 93.26 390.!1 .83 !1.39 ·.09 40.99 41.!2 123.11 .99 318.62 
89.89 3B8.39 .54 387.56 .26 92.5! 390.59 .!1 3B9.!3 .31 91.21 3BB.19 .83 !1.35 ·.09 40.95 11.31 123.52 .99 318.6! 
88.81 381.95 .56 381.2! .24 91.51 389.43 .53 366.51 .32 90.19 388.30 .B2 41.63 ·.10 !1.24 41.61 124.!4 .99 319.20 
87.81 3B1.9! .55 386.91 .21 90.52 3B9.36 .54 3BB.19 .31 B9.19 3B1.96 .80 ll.IB ·.09 41.23 !1.66 121.31 .99 319.32 
B6.92 388. JJ .51 381.01 .21 BU1 388.11 .55 381.90 .30 88.24 367.85 .19 11.61 ·.10 41.21 !1.66 124.42 .99 319.65 
85.96 3B8.30 .56 3B6.BB .20 88.6! 3BB.l5 .51 381.50 .29 BUB 3B1.BO .80 41.55 ·.10 !J.l1 !1.60 121.22 .98 319.19 
BUB 388.!5 .51 381.53 .20 B1.63 388.13 .56 361.10 .21 BUO 381.14 .BO 11.62 ·.10 41.22 41.65 12UO .99 319.53 
83.96 3B8.59 .50 386.91 .20 86.63 3BB.01 .5! 381.02 .26 B5.30 361.38 .BJ 41.11 ·.10 41.31 41.11 J2U6 .99 319.26 
B2.98 369.09 .!B 3BU6 .20 B5. 63 388.14 .54 381.10 .26 BUO 3B1.B9 .B2 41.86 ·.09 !l.l5 H.88 115.09 .99 379.58 
81.96 3B9.!B .45 381.11 .20 BU! 3BB.05 .51 3B1.!3 .26 B3.1B 381.96 .81 41.56 ·.09 4l.15 !l.IB 121.20 .99 319.16 0:: 19.90 390.39 .39 3B8.11 .19 B2.55 389.!9 .11 381.11 .26 B1.22 3BB.91 .18 11.98 ·.09 41.51 42.00 125.46 .99 319.B6 er 
11.89 390.11 .32 381.66 .19 80.5! 390.22 .38 3B1.B5 .25 19.11 388.86 .14 !!.56 ·.09 41.15 11.58 12!.19 .99 319.53 
15.96 390.83 .35 3B1.62 .27 18.61 390.56 .33 368.03 .25 11.28 3B9.!6 .12 41.88 ·.10 11.48 !1.90 115.!6 .99 l19.B2 
14.98 390.56 .38 381.12 .31 11.63 39l.IB .30 388.06 .25 16.30 3BB.86 .11 11.85 ·.10 41.!5 41.88 125.09 .99 3B0.01 
13.98 3B9.53 .45 3B5.64 .39 16.63 390.!0 .30 381.56 .11 15.30 3BB.34 .85 !!.58 ·.10 !l.11 11.61 121.16 .99 319.50 
72.98 38B.32 .55 3BU5 .4B 15.63 390.41 .34 3B1.11 .31 14.30 3B1.58 .94 11.65 ·.10 !1.25 41.66 121.11 .99 319.86 
11.91 3B1.!5 .11 383.15 .60 1U2 390.00 .44 386.!9 .39 13.29 3B6.15 1.06 11.19 ·.10 11.40 H.81 12UO .99 380.09 
10.92 3B5.53 .86 382.13 .61 13.51 3B9.51 .51 3B5.B5 .17 12.24 385.89 1.16 I !.BI ·.09 41.4! 1!.86 125.04 .99 3B0.2! 
69.90 383.59 1.02 3B0.65 .13 12.55 388.26 .61 3BL15 .55 11.22 3B3.61 1.21 12.04 .. 10 41.62 12.05 125.61 .99 380.6! 
66.B6 3B0.96 1.20 31B.12 .18 11.53 3B6.28 .86 383.61 .65 10.20 382.44 1.39 42.24 ·.09 ll.B2 12.25 !26.22 !.00 380.55 
61.B9 311.69 UJ 316.!8 .BO 10.51 38!. 36 1.02 . 3B!.58 .12 69.21 3B0.09 1.!1 41.69 .. 10 41.29 11.10 12l.58 .99 380.61 
65.91 313.66 1.!4 313.03 .19 6B.62 319.10 1.31 311.62 .81 61.29 314.15 1.55 41.29 ·.10 40.B8 41.30 123.38 .99 380.05 
63.99 369.31 . 1.!1 361.95 .1B 66.61 314.12 1.53 313.29 .64 65.3! 369.15 1.51 !1.13 ·.10 10.12 41.15 122.91 .99. 379.96 
61.91 36UI 1.32 363.96 .13 64.62 36B.5! 1.49 368.43 .71 63.29 366.69 1.!0 41.27 ·.09 IO.B1 41.29 123.34 .99 3BO.OI 
60.91 363.23 1.21 362.13 .6B 63.59 361.21 1.10 365.85 .1! 62.16 361.65 1.32 U.30 ·.09 10.91 41.34 !23.45 .99 319.98 
59.91 366.B6 1.21 360.59 .69 62.56 36!.28 1.36 364.90 .13 61.23 363.33 1.32 !1.34 ·.09 40.91 41.36 123.55 .98 319.96 
58.B1 359.31 1.13 358.15 .65 61.52 363.!9 1.21 363.03 .10 60.19 361.03 1.25 11.30 ·.10 40.90 11.31 123.42 .99 319.66 
51.89 358.21 l.H 351.16 .62 60.54 362.16 1.31 361.63 .13 59.21 359.73 1.21 !1.!1 ·.10 41.03 11.!5 123.19 .99 319.!1 
56.91 351.09 1.10 356.63 .51 59.56 360.18 1.24 359.91 .66 5B.23 351.19 1.22 !1.36 -.09 40.91 H.36 !23.51 .99 319.11 
55.91 355.!5 1.03 35UI .53 5B.62 35B.B! 1.21 358.52 .63 51.29 356.14 1.16 !1.29 ·.09 40.91 !!.33 123.44 .99 319.54 
54.99 354.61 .98 351.52 . 52 51.65 351.86 1.16 351.01 .62 56.31 356.30 1.16 41.41 ·.09 ü.OI ll.l6 123.85 .99 319.64 
53.99 353.91 .91 353.46 .48 56.64 356.22 l.Jl 315.95 .56 55.3! 355.01 1.10 4l.li ·.09 41.09 41.50 123.98 .99 379.50 
51.91 352.19 .71 352.38 .41 54.62 354.11 .98 353.19 .52 53.29 353.26 1.03 41.36 ·.10 40.91 11.39 !23.63 .99 319.51 
49.92 351.69 .51 351.11 .35 52.51 353.05 .BI 352.48 .41 51.2! 351.91 .95 41.!2 ·.10 41.03 11.41 123.80 .99 319.93 
41.91 350.51 .32 350.21 .26 50.56 352.01 .59 351.39 .10 19.23 350.10 .85 !1.!1 ·.09 !1.07 4l.l9 123.94 .99 319.61 
46.94 319.92 .25 350.0! .22 19.59 351.14 .lB 350.98 .31 48.26 350.31 .81 ll.ll ·.09 41.03 41.15 123.02 .99 319.88 
45.99 319.11 .20 349.63 .11 !8.64 350.66 .31 350.24 .32 41.31 349.92 .19 41.51 ·.09 11.12 !!.54 121.08 .99 319.19 
15.01 349.41 .18 319.39 .14 !1.66 350.!2 .27 3!9.81 .29 46.33 349.53 .76 !!.50 ·.10 41.11 !!.53 121.01 .99 319.10 
4Ul 319.75 .18 349.60 .14 16.66 350.02 .19 3!9.63 .26 !5.33 319.10 .1! 41.62 ·.10 11.22 11.61 121.39 .99 379.85 
13.01 319.58 .19 3!9.69 .16 !5.66 349.B5 .I! 3!9.65 .23 IU3 319.63 .7! IUB ·.09 11.29 41.11 !2UB .99 3BUI 
41.99 350.06 .2! 3l9.9B .21 !4.64 3!9.95 .II 349.74 .22 43.31 349.80 .13 41.6B ·.10 11.1B 41.11 !2UB .99 3B0.4! 
10.96 350.01 .3! 350.20 .21 43.61 3!9.15 .12 3!9.6B .22 !2.28 3!9.8! .12 ü.72 .. 09 !1.32 41.14 121.69 .99 380.05 
T2l : 3.13 .. Y24 : .11 •• 15:59:51 JUL01,1981 mo.DAT TAB. A54-
TB! : 333.6 c DfC : 10.1 l 
QH1 : 21.3 W/cs"2 QB2 : .0 W/ca·z 
QH3 : .1 W/ca"2 QHI : 21.2 N/ca·z mm 2 - nm mmmm 
MB : 83.6 iN OB : .97 .,. PROBE 2 TiHP FLDCTUATIOäS 
ie : 33283. Pe : 180.2 
!21 TC21 RHS21 TC21 RHS21 I22 TC22 RUS22 TC23 RMS23 !25 TC25 Ri!S25 HHI NB2 NH3 NB! l!B UB TBO 
.. c l c I •• c l c l •• c l kN kU kN l.M kß m/s c 
109.63 396.13 .30 395.35 .17 112.48 395.35 .16 39!.25 .23 Ill.I5 395.32 .14 11.69 -.10 .10 11.93 03.82 .91 311.53 101.65 391.86 .23 395.81 .15 110.50 396.21 .19 3~U8 .24 109.11 396.07 . 78 42.00 -.09 .10 12.03 BU! .98 311.18 105.93 398.91 .21 39U1 .15 106.58 391.13 .11 395.52 .21 101.25 391.01 .19 41.90 ·.09 .10 41.92 83.83 .96 313.52 103.95 399.56 .29 396.34 .19 106.60 399.09 .13 396.46 .23 105.27 397.81 .75 41.98 -.10 .10 !1.99 63.98 .96 371.22 102.95 396.81 .30 395.12 .23 105.60 396.89 .12 396.02 .23 104.21 391.40 .17 42.20 -.10 .10 42.22 84.13 .98 313.86 101.95 398.33 .37 395.06 .29 !DUO 399.35 .15 396.16 .21 103.27 397.20 .80 42.21 ·.10 .10 42.24 81.16 .98 31U6 100.92 396.16 .11 391.03 .35 103.51 399.36 .22 396.10 .26 102.24 396.96 .84 12.31 -.10 .10 12.31 64.68 .96 311.0! 99.86 391.52 .60 392.11 .42 102.53 398.03 .31 394.66 .30 101.20 395.02 .91 42.37 -.10 .10 12.36 8!.76 .98 37UU 98.86 393.66 .16 391.16 .49 101.51 398.02 .44 394.56 .37 100.16 39!.65 1.02 42.48 -.10 .10 12.50 81.99 .98 311.39 91.81 391.52 .86 388.62 .52 100.52 396.03 .55 393.12 .42 99.19 392.16 1.07 12.31 -.10 .10 42.35 8!.61 .98 311.11 96.90 388.80 .98 386.96 .56 99.55 394.22 .68 391.71 .41 96.22 390.69 !.II 42.42 -.10 .10 lUG SUB .98 374.17 95.91 386.71 1.01 385.11 .59 98.59 393.06 .83 390.2! .53 91.26 388.52 1.21 12.52 -.10 .10 12.55 85.07 .98 31U9 93.98 381.61 1.25 381.03 .66 96.63 388.13 1.10 386.!3 .EI 95.30 364.38 1.32 42.60 ·.10 .10 42.64 85.25 .99 311.11 91.95 376.82 1.21 315.55 .11 91.60 382.33 1.23 380.60 .66 93.21 319.69 1.31 12.46 -.10 .10 12.19 aus .98 371.lß 89.89 313.5! 1.35 312.35 .80 92.51 319.!! 1.31 371.90 .13 91.21 375.06 1.10 12.48 -.10 .10 12.51 84.98 .98 J1Ul 88.68 371.36 1.40 311.02 .84 91.53 316.61 l.ll 315.84 .81 9D.20 373.52 1.47 12.5t -.10 .10 42.57 85.11 .98 313.61' 81.86 310.03 1.12 369.21 .82 90.53 31U5 1.12 313.63 .80 89.20 371.64 U5 12.59 ·.10 .10 12.61 85.20 .99 31U3 86.92 361.95 1.51 367.80 .83 89.51 373.66 1.16 312.14 .81 88.2! 369.12 !.41 12.70 -.10 .10 42.73 85.!3 .99 31Ul 65.91 366.80 l.l8 365.83 .80 88.62 371.25 1.50 369.13 .83 87.29 368.34 1.18 42.65 ·.10 .10 12.66 85.31 .99 313.8! 8U9 366.35 1.16 36U8 .11 81.64 369.14 1.11 369.02 .81 86.31 361.57 1.14 42.10 -.10 .10 12.74 85.15 .99 313.91 CJ:) 63.99 363.59 1.48 363.63 .11 86.64 366.18 1.51 366.61 .19 85.31 365.28 1.44 42.39 -.09 .10 42.43 84.83 .99 313.83 (J) 82.99 362.51 1.46 362.32 .11 65.63 366.80 1.51 365.89 .17 8UO 364.22 l.l5 !2.52 -.10 .10 12.55 85.08 .99 31UO 81.91 361.96 1.!5 360.65 .19 8U2 364.20 1.53 364.02 .76 83.29 362.87 1.46 12.l0 -.10 .10 i2.H 8U3 .99 313.85 79.90 359.62 1.31 358.41 .81 62.55 362.18 1.55 361.92 . 79 81.22 360.67 l.l9 42.65 -.10 .10 42.67 85.33 .99 37U3 17.90 351.09 1.06 356.31 .91 Bo.55 360.19 1.4! 359.62 .84 79.22 358.50 1.53 42.61 ·.10 .10 42.63 85.21 .99 311.21 15.91 353.71 .93 353.89 .99 18.62 351.38 1.26 356.88 .92 17.29 354.91 1.55 42.66 -.10 .10 12.68 65.35 .99 31U3 71.99 351.53 .81 351.95 .91 11.64 355.31 1.13 355.10 .92 16.31 353.18 1.51 42.21 ·.10 .10 42.21 8U8 .98 313.61 13.98 350.51 .83 350.28 .98 16.63 35U6 1.06 35UI .96 75.30 351.68 1.53 12.26 -.10 .10 12.29 BUS .99 373.53 
72.98 3!9.13 .17 3!9.n .93 15.63 352.90 .91 352.12 .91 71.30 350.66 1.48 42.32 -.10 .10 !2.35 64.61 .96 373.16 71.98 348.11 .61 341.91 .91 14.63 351.20 .90 351.51 .95 13.30 319.96 1.41 12.32 -.10 .10 42.35 81.68 .98 313.18 10.94 315.66 .83 315.93" .88 73.59 350.1! .87 349.12 .96 12.26 348.12 1.46 42.30 -.10 .10 12.34 81.61 .99 313.68 69.90 345.00 .85 315.ll .82 72.55 3!9.15 .86 316.92 .91 11.22 347.16 1.43 42.39 -.10 .10 42.39 84.18 .98 J13.16 
68.69 344.23 .81 344.33 .12 11.51 3!1.53 .84 347.46 .81 70.21 345.95 1."31 42.ll ·.10 .10 42.13 BUS .98 313.91 
67.90 313.02 .83 313.99 .65 1o.55 316.19 .81 3!6.25 .83 69.22 341.65 1.29 12.31 ·.10 .10 42.33 81.61 .98 313.82 
65.98 341.11 .72 342.26 .18 68.63 313.28 .85 344.02 .68 61.30 342.81 l.l2 12.37 -.10 .10 42.10 81.76 .99 313.10 
6UO 340.51 .58 31l.l9 .36 66.65 342.20 .80 3l2.31 .51 65.32 340.90 .91 l2.ll -.10 .10 12.43 81.64 .96 J13.91 61.91 339.10 .II 339.91 .26 6U2 34U9 .65 310.81 .12 63.29 3l0.09 .87 12.36 -.10 .10 42.!0 81.16 .98 313.61 60.91 339.94 .36 3!0.16 .21 63.59 310.61 .53 341.11 .36 62.26 340.52 .83 !2.13 -.10 .10 12.16 84.89 .98 31U9 
59.91 339.51 .31 310.10 .20 62.56 310.20 .19 310.51 .31 61.23 340.09 .19 42.14 -.10 .10 12.41 81.91 .98 313.99 
5UO 339.38 .32 340.00 .18 61.55 339.95 .38 340.25 .29 60.22 339.89 .75 12.ll -.10 .10 42.19 81.91 .98 311.01 
51.90 339.09 .33 339.82 .19 60.55 339.82 .33 339.98 .21 59.22 339.71 .71 42.51 -.10 .10 42.51 85.05 .99 313.53 
56.91 339.60 .36 310.19 .21 59.59 339.14 .28 340.16 .25 56.26 339.71 . 76 12.31 -.09 .10 12.15 81.83 .98 373.85 
55.98 339.61 .13 3lD.21 .25 58.63 339.32 .29 339.80 .26 51.30 339.61 .16 12.51 -.10 .10 12.56 85.10 .99 313.69 
55.00 339.96 .16 340.6! .28 51.65 339.89 .30 310.23 .26 56.32 340.21 .16 12.56 -.10 .10 12.59 65.15 .99 313.63 
SUD 310.13 .56 310.61 .35 56.65 339.91 .38 339.93 .29 55.32 310.11 .83 12.55 -.10 .10 42.51 85.12 .99 313.93 
51.98 311.35 .66 312.06 .4! 5U3 340.54 .18 3i0.89 .31 53.30 Jll.IJ .91 42.52 -.10 .10 12.51 65.01 .99 311.26 
49.93 312.51 .18 Jl3.3l .62 52.58 3!0.16 .68 311.12 .16 51.25 311.76 1.07 42.52 - .10" .10 42.51 85.06 .98 31l.79 
17.92 311.69 .19 3!5.21 .18 50.51 3!2.11 .80 343.31 .59 49.21 343.95 1.20 12.52 -.10 .10 42.54 B5.01 .99 313.99 
16.95 316.01 .19 316.41 .81 49.60 3!3.18 .83 343.59 .66 !8.27 3!5.26 1.21 42.65 -.10 .10 42.69 85.31 .99 31U2 
46.00 311.50 .19 3!1.12 .90 18.65 3!1.19 .BI 3!5.17 .12 !7.32 3!6.15 1.31 12.51 ·.10 .10 l2.53 85.04 .99 371.23 
15.02 318.63 .83 319.11 .97 47.67 315.18 .81 346.01 .80 16.3! 3!6.66 1.39 12.66 -.10 .10 12.10 65.31 .99 31U1 
H.02 350.29 .91 350.21 1.05 16.61 3i6.52 .93 341.33 .90 15.31 3!8.62 1.51 12.12 ·.10 .10 12.15 BU1 .99 313.91 
13.02 351.61 .91 350.90 1.05 15.61 3!8.20 .91 341.66 .93 lU! 350.03 1.52 12.32 ·.10 .10 42.36 BUB .96 313.11 
!2.00 352.53 1.05 352.59 1.09 H.65 319.33 .91 319.66 1.01 13.32 350.29 1.59 12.39 -.10 .10 12.40 Bl.19 .98 373.99 
10.91 35!.19 l.I3 354.19 1.05 43.62 350.99 1.00 350.80 U2 12.29 352.43 Ul !2.36 ·.10 .10 12.40 BU6 .98 313.11 
!21 : 3.10 •• Y2! : 
.H •• 12:20:36 JON29,1961 HI6UAT TAB. A55 !BI : 33U C D!C : 41.6 I 
QHI : . 0 Mlcm'2 QH2 : 21.1 Mlcm'2 
QH3 : 21.5 Nlcm'l QH! : .0 Nlcm'2 mm 2 · lLDID mmmm 
NB : 65.1 kM OB : 
.96 •I• PROBK 2 T!HP FLUCTUAYIOMS 
Be :33010. Pe : ·118.5 
m IC21 RMS21 TC24 RHS24 122 TC22 RHS22 TC23 RHS23 m TC25 RMS25 HRI NR2 NR3 NR4 HB UB TBO 
•• c l c K •• c I c I •• c l kN kN kN kN kN •I• c 
!O.SO 395.46 1.31 392.51 .92 !U5 399.89 .96 391.13 .14 42.22 396.16 1.51 .01 42.10 12.34 ·.05 85.06 .96 376.03 
41.86 397.71 1.13 393.91 .63 !Ul 401.23 .60 m.8o .64 13.lß 391.36 1.35 .01 42.66 42.31 ·.05 84.99 .96 315.4! 
42.69 398.!5 .99 395.39 .18 15.54 102.59 .69 399.09 .51 lU! 396.13 1.26 .01 12.48 42.16 ·.OS BUS .96 375.06 
43.89 100.22 .83 396.68 .68 46.54 103.11 .55 399.21 .41 15.21 399.23 1.11 .01 42.66 42.32 -.05 64.99 .96 375.00 
41.11 101.20 .61 391.62 .51 41.52 103.39 .H 400.14 .39 16.19 400.39 1.00 .01 42.91 42.51 -.05 85.19 .91 37U5 
45.!3 102.15 .53 398.60 .16 18.48 403.30 .31 100.38 .34 41.15 401.33 .92 .01 12.90 42.55 ·.05 85.48 .91 374.50 
46.19 102.68 .46 399.1! .38 49.ll !03.32 .35 100.41 .32 48.11 401.20 .68 .01 12.81 42.52 ·.05 85.41 .96 37U9 
ll.TT 103.51 .31 399.81 .29 50.42 403.09 .31 400.26 .30 19.09 l01.41 .64 .01 12.88 12.52 ·.05 8U2 .91 313.90 
19.71 103.21 .31 400.15 .19 52.39 102.29 .39 400.09 .30 51.06 101.19 .80 .01 42.16 42.11 -.05 85.19 .96 374.13 
51.82 !02.39 .36 100.33 .16 54.11 101.58 .46 399.69 .31 53.ll 100.62 .81 .01 42.61 12.21 -.05 84.90 .96 314.71 
SUT 401.65 .13 399.93 .21 56.52 400.44 .51 399.22 .31 55.19 100.21 .62 .01 12.63 12.30 -.05 81.95 .96 31U2 
SU5 100.68 .18 399.43 .21 51.50 100.07 .52 398.95 .31 56.17 399.65 .82 .01 12.55 12.20 -.05 84.71 .96 3TUI 
55.80 102.01 .46 !OUT .21 Si.45 101.01 .19 399.81 .31 51.12 100.77 .82 .07 42.56 42.21 -.05 84.19 .96 315.60 
56.16 402.04 .50 400.51 .21 59.43 101.63 .52 100.32 .31 58.10 400.73 .83 .07 42.53 12.19 -.05 81.11 .96 376.03 
51.75 401.53 .19 40D.30 .19 60.40 101.91 .52 100.50 .31 59.01 100.13 .81 .01 12.50 42.11 -.05 84.69 .96 316.28 
58.11 401.19 .41 400.11 .19 61.39 IDUS .50 IOD.65 .31 60.06 401.09 .BI .07 42.39 42.05 -.05 8!.45 .96 316.15 
59.11 . 401.95 .51 400.56 20 62.39 402.12 .51 101.20 .32 61.06 101.31 .82 .01 42.36 42.01 ·.05 8U9 .96 316.25 
60.76 102.26 .51 !00.18 .21 6ö.ll 103.31 .46 101.54 .31 62.08 101.52 .83 .01 42.38 42.04 ·.05 8l.H .96 316.62 
61.82 402.01 .19 400.61 .21 6U7 103.49 .42 101.66 .31 63.1! 101.79 .86 .01 42.11 41.82 -.05 8Ul .96 376.15 
63.!1 104.63 .!3 403.26 .21 66.52 105.94 .31 103.14 .30 65.19 404.22 .61 .01 43.36 !3.01 ·.05 86.39 .97 311.36 
65.!1 405.39 .37 402.91 .19 68.16 106.32 .31 103.!0 .32 67.13 !01.42 .85 .01 13.31 42.95 -.05 66.21 .97 311.20 
61.15 !06.85 .33 IOU6 .19 10.40 !06.46 .15 103.42 .10 69.01 405.03 .81 .01 13.46 13.10 ·.05 86.51 .91 3Tß.31 CO 
68.73 101.31 .35 103.90 .21 11.36 106.29 .58 403.09 .19 10.05 105.21 .93 .07 13.31 42.95 ·.05 66.27 .97 3Tß.21 --J 
69.73 401.12 .38 403.73 .29 12.38 105.57 .65 402.23 .56 11.05 104.43 1.00 .01 13.31 42.96 ·.05 86.29 .91 3Tß.63 
10.76 101.36 .15 403.50 .37 73.41 IOU5 .11 i01.53 .65 12.08 404.39 1.09 .01 43.29 42.9! -.05 86.21 .91 318.69 
11.82 106.87 .54 102.92 .49 74.47 403.36 .93 100.49 .15 13.H 103.51 1.23 .01 43.27 42.92 ·.05 66.21 .97 379.00 
12.87 406.15 .64 402.69 .59 75.52 101.54 1.08 398.46 .82 14.19 401.47 1.36 .01 43.33 42.98 -.05 86.32 .91 319.36 
13.88 40!.97 .75 400.91 .70 76.53 399.30 1.26 391.67 .89 15.20 !01.02 1.52 .01 43.11 12.16 ·.05 85.90 .97 m.9s 
TUS 403.46 .91 399.91 .63 17.50 391.85 I.! I 395.58 .96 16.11 398.82 1.62 .01 13.19 42.8! ·.05 86.05 .97 380.37 
75.82 101.41 1.09 398.41 .94 lß.ll 391.60 1.60 392.39 1.02 71.11 396.93 1.72 .01 43.12 42.71 -.05 85.91 .97 380.!2 
11.15 397.17 1.39 394.61 1.03 8D.l0 390.16 1.81 388.47 1.06 19.01 392.60 1.64 . 07 43.08 42.13 ·.05 85.83 .91 380.34 
79.72 391.50 1.59 389.13 1.12 82.38 386.36 1.90 384.29 1.11 81.04 381.83 1.81 .07 13.01 12.65 ·.05 85.68 .96 381.02 
81.!2 388.05 1.73 381.08 1.21 84.41 381.90 2.01 380.21 1.18 83.11 383.09 1.92 .01 !3.08 12.11 ·.05 85.85 .91 381.01 
82.87 365.89 1.80 381.52 1.11 85.52 380.23 2.08 319.80 1.16 8U9 362.11 1.91 .01 43.02 12.68 ·.05 85.12 .96 380.86 
83.87 382.69 1.86 381.35 1.21 86.52 378.13 2.11 318.03 1.15 85.19 319.83 1.91 .01 43.12 12.11 ·.05 65.91 .96 381.06 
8UI 381.68 1.91 319.58 1.22 81.49 318.30 2.23 316.14 1.11 86.16 319.12 1.96 .07 43.12 12.11 -.05 85.91 .96 381.53 
85.80 379.50 2.03 318.93 . 1.30 88.!5 316.31 2.26 311.58 1.17 81.12 371.41 2.00 .07 43.02 12.67 ·.05 85.70 .97 38l.l2 
86.17 371.23 2.12 316.82 1.2! 89.42 31UO 2.31 373.68 1.19 88.09 315.28 2.00 .01 43.25 !2.90 ·.05 66.11 .91 381.65 
81.11 318.02 2.12 315.68 1.20 90.39 313.62 2. 33 311.96 1.16 89.06 314.93 1.91 .01 !3.25 12.90 -.05 86.11 .91 381.72 
88.12 315.11 2.22 314.55 1.21 91.37 311.20 2.42 310.55 1.20 90.0! m.o8 2.04 .07 !3.31 12.99 -.05 86.34 .91 381.90 
89.12 315.03 Ul 313.14 1.21 92.37 310.65 2.33 310.08 1.18 91.01 312.11 2,02 .01 13.21 42.89 ·.05 86.15 .91 382.01 
91.80 311.90 2.25 311.15 1.28 9US 361.57 2.23 366.91 1.21 93.12 369.35 2.13 .01 13.23 12.88 ·.05 86.13 .91 381.81 
93.85 368.!1 2.11 361.01 1.29 96.51 363.00 1.90 363.71 1.35 95.18 365.30 2.20 .01 !3.25 42.90 ·.05 86.16 .91 380.52 
95.19 363.92 1.90 363.89 1.37 98.!4 359.38 1.53 359.23 1.38 91.11 361.92 2.16 .01 43.20 12.85 ·.06 86.06 .91 380.35 
96.15 362.16 1.72 361.63 l.ll 99.10 351.80 1.35 351.68 1.37 98.01 360.13 2.12 .01 43.22 12.87 -.06 86.10 .91 380.19 
91.12 360.73 1.50 360.15 l.ll 100.31 356.89 1.19 356.58 1.33 99.04 358.59 2.04 .01 13.23 12.81 ·.05 86.11 .91 380.!2 
9B.TO 358.68 1.31 356.12 1.42 101.35 355.09 1.09 354.60 1.30 100.02 356.31 1.99 .01 43.22 12.87 ·.06 86.11 .97 380.21 
99.11 351.30 1.15 356.15 1.37 102.36 352.95 1.01 353.26 1.22 101.03 354.15 1.86 .01 13.11 !2.83 ·.05 86.01 .97 319.73 
100.11 355.57 .97 355.55 1.32 103.39 351.19 .91 352.50 1.12 102.06 353.09 1.15 .01 13.21 42.86 -.06 86.08 .91 380.09 
101.80 353.51 .89 353.12 1.25 104.!5 350.03 .95 350.21 1.02 103.12 351.86 1.65 .07 13.19 12.84 ·.05 86.05 .97 31!.60 
102.63 352.00 .85 351.69 1.20 105.48 3!1.98 .96 3!8.41 .95 10l.l5 349.1l 1.59 .01 43.14 !2.79 ·.05 85.9! .91 319.20 
103.85 350.11 .80 3!9.81 1.11 106.50 317.00 .91 3!1.45 .65 105.17 J!B.H l.l9 .01 !3.25 !2.91 ·.05 86.17 .97 379.50 
105.11 3!1.90 .85 311.30 .94 108.!2 315.40 .93 345.12 .70 101.09 3!6.17 1.35 .01 !3.29 !2.95 ·.05 86.26 .97 379.18 
101.10 3!5.93 .65 346.50 .71 110.35 3!1.47 .19 3!U2 .53 109.02 3!5.06 1.16 .01 43.32 !2.96 -.05 86.29 .91 318.96 
109.66 3!3.51 .81 3!3.87 .80 111.33 341.!5 .66 312.8! .43 111.00 342.75 1.02 .07 !3.28 !2.9! -.05 86. 2l .97 37850 
TB! ~ 298.3 c DTC : 77.7 ! 07:46:35 JOL08, 1981 M160 .DAT TAB. A56a 
UB : . 98 t/5 Re : 32801. 
QH! : 20.9 W/ct"2 QH2 : 20.8 W/ct"1 
QB3 : 20.1 W/cm"2 QH! : 10.8 W/cm·z mm 2 - nm mmmm 
~ SOBCHLNNEL 
Yl1 Xll TC!! RMSll X12 TC12 RMS12 Yll XH TCH RMS14 Xl3 TC13 RMS13 Y15 Xl5 TC15 RMSJ5 m DTC 
n •• c ! mm c K mm mm c K n c K •• •• c K tg/s K 
29 .3! 43.94 377.62 . 32 4U9 313.43 .55 31.39 43.94 315.13 .14 41.89 374.21 . 34 30.37 42.92 315.91 .25 1.59 77.71 
19.33 46.03 371.18 . 30 l3. 98 313.04 .55 31.38 !6. 03 315.31 .09 43.98 315.30 .21 30.36 45.01 316.54 .11 1.58 18.03 
29.34 48.11 376.86 .36 46.06 312.90 .60 31.39 48.11 314.19 .18 46.06 315.45 .17 30.31 47.09 316.31 .22 1.58 71.89 
29.33 50.13 315.36 .43 48.08 313.1! .48 31.38 50.13 313.53 .14 48. OB 31U1 . 31 30.36 49. J1 315.09 .29 1.58 71.16 
1U4 51. Ii 312.94 . 46 50.09 313.19 .55 31.39 52.14 312.09 .15 50.09 313.11 .33 30.31 51.11 313.!8 .31 1.58 77.69 
29.34 54.21 372.07 .49 52.17 373.23 .56 31.39 54.22 370.85 .26 52.17 372.01 .36 30.37 53.20 371.97 . 3! 1.58 78.02 
29 .3! 56.33 370.25 .51 54.28 372.98 .56 31.39 56.33 369.55 .23 54.28 370.31 .34 30.37 55.31 370.55 .33 1.58 77.85 
29.34 58.39 369.13 .50 56.34 312.05 .54 31.39 58.39 369.03 .18 56.34 369.38 .33 30.37 57.37 369.53. .30 1.57 77.81 
29.31 60 .!3 3t9 .91 .52 58.38 371.45 .48 31.39 60.43 369.26 .20 58.38 369.23 .29 30.37 59.41 369.43 .29 1.58 77.96 
29.34 62.45 370.40 .51 60.40 372.51 .63 31.39 62.45 369.03 .25 60.!0 368.99 .32 30.37 6J.i3 3€9.59 .32 1.58 78.09 
29.34 6U2 372.00 .51 62.!7 372.62 .60 31.39 64.52 37J.J2 .28 62.J7 369.52 .35 30.37 63.50 370.83 .35 1.58 77.60 
29.34 66.62 373.24 .49 6U7 371.55 .58 31.39 66.62 372.16 .28 64.57 370.61 .37 30.37 65.60 372.19 .36 1.57 77.79 
29.34 66.69 375.49 .46 66.64 370.:.2 .70 31.39 68.69 374.04 .26 66.64 372.51 .51 30.37 67.67 37U3 .36 1.57 7U9 
29.34 70.72 376.80 .37 68.67 370.75 .53 31.39 70.72 374.7 4 .21 68.67 373.73 .35 30.37 69.10 375.30 .31 1.56 77.56 
29.34 72.75 378.72 .30 70.70 372.49 .65 31.39 72.75 376.41 .11 70.70 375.96 . 32 30.37 71.73 377.36 .23 1.59 78.46 
29.34 74.84 378.76 .30 72.79 372.69 .64 31.39 74.84 376.39 .12 72.79 376.66 .26 30.37 73.82 377.66 .17 1.59 78.78 
29.34 76.95 377.86 .37 74.90 310.97 .68 31.39 76.95 375.82 .21 74.90 376.61 .27 30.31 15.93 377.31 .24 1.59 78.93 
CP 
CP 
TBI : 298.3 c DTC : . 77.7 K 07:46:35 JUL08,!981 M160.DAT I 
OB : .98 m/s Re : 32801. 
QHI : 20.9 W/cm·2 QH2 : 20.8 W/cm·2 
QB3 : 20.7 W/cm"2 QH4 : 20.8 W(cm"2 TEGENA 2 - FLUID TEMPEf.ATURES 
I fROBK P2 I SUBCHANHEL 
Y21 m TC21 RMS21 X22 TC22 RHS22 Y24 X2l TC24 RM524 !23 TC23 R~S23 Y25 !25 TC25 Rm5 QB TB! 
u mm c K mm c K mm mm c K mm c K mm mm c K M/cm· 2 c 
3. 05 7U5 376.89 .18 77. (10 375.15 .28 .39 74.35 373.52 .15 77.00 372.&2 .27 1.72 75.67 37Ul . 76 20.76 298.30 
3.06 72.27 376.83 .19 74.92 316.59 .17 .40 72.27 373.44 .15 74.92 373.38 .23 1.73 73.59 374.85 .14 20.68 29UB 
3.05 70.16 375.76 .26 72. BI 376.83 .13 .39 70.16 312.88 .20 72.81 373.67 .22 1.72 71.!8 37UJ .77 20.73 298.29 
3.06 68.08 373.95 .33 10.73 376.01 .23 .40 68.08 371.66 .23 70.73 373.03 .25 1.73 6UO ~ 373.40 .79 20.67 298.20 
U6 66.09 372.15 . 39 66.14 37U6 .31 .40 66.09 370.34 . 24 68. 7l 371.77 .27 1.73 6U1 371.72 . 79 20.61 298.27 
3.05 6!.06 370.46 .43 66.71 372.41 .36 .39 64.06 368.84 .23 66.71 370.59 .27 1.12 65.38 370 .i6 .76 20.68 298.33 
3.05 61.97 369.09 .~6 64.62 370.72 .42 .39 61.97 367.96 .22 64.62 369.20 .29 1.72 63.29 369.26 .76 20.64 298.11 
3. 05 . 59.84 367.91 .45 62.49 368.97 .46 .39 59.64 367.22 .19 62.49 367.90 .27 1.72 61.16 367.80 .77 20.60 298.07 
3.05 57.78 368.68 .45 60.43 368.95 .44 .39 57.78 367.88 .21 60.!3 367.71 .24 1.72 :,9.10 368.04 .76 20.72 298.11 
3. 05 55.80 369.35 .48 SB. 45 368.40 .46 .39 55.80 368.39 .25 58.45 367.58 .25 1.72 57.12 368.26 .76 20.68 298.11 
3.05 53.75 371.15 .H 56.40 3€9.23 .46 .:19 :.3. 75 %9.65 .26 :,uo 368.26 .28 1.72 55.07 3e9. 39 .78 20.60 298.16 
3.05 5U6 3?U3 .!2 5Ul 370.C7 .46 .39 51.66 371.10 .26 54.31 369.54 .30 1.72 :.2.98 370.89 .77 20.57 298.06 
3. 05 lUi 37 4.16 .31 52.19 312.5:. .43 .39 49.54 372.58 .25 52.19 371.00 .30 1.72 50.86 372.49 .77 20.56 ~9U5 
U5 l7 .: I 376.27 .26 50.!6 37!.25 .36 .39 47.51 373.60 .20 50.16 372.09 .26 1.72 4U3 373.66 .75 20.40 L9B .12 
3. 05 !U3 37U3 .19 48.!8 376.87 .30 .39 4U3 375.06 .15 48.18 374.34 .17 1.72 !U5 375.80 . 73 20.97 ~97. 85 
3. {!5 43.47 378.25 .20 46.12 317.94 .17 . 39 43.!7 375.09 .16 46.12 375.03 .22 1.72 44.79 376.33 .70 21.10 291.71 
3. 05 !1.31 377.20 .28 44.02 378.41 .14 .39 41.31 374.46 .20 4!.02 375.33 .21 1.72 42.69 376.22 .71 21.01 297.77 
TB! : 298.5 c DTC : 18.1 K 08:31:01 JUL08, !981 M261.DAT TAB. A56b UB : .99 m/s Re : 32940. 
QHI : 21.2 W/cm"2 QH2 : 21.1 W/n"2 
QH3 : 21.0 W/cm·z QH4 : 21.1 W/cE"2 TEGENA 2 - FLUID !EMPERATUR!S I PROBE Pl l SUBCRLNNH 
Y" I11 TCll RMS!l X!2 iC12 RMS!2 Y14 Xll TC!! RM514 m TC!3 EM5!3 m XIS iC!5 RMS15 MFR DTC " u mm c E •• c K •• mm c K n c [ •• •• c ! rg/s K 
28.28 51.23 311.13 .45 49.18 313.58 .54 30.33 51.23 314.26 .34 49.18 315.46 .39 29.31 50.21 316.12 .33 1.59 18. €5 28.28 51.15 315.14 . ~8 50.10 313.51 .54 30.33 52.15 313.31 .34 50.10 315.11 .39 29.31 51.13 315.51 .35 1.59 18.87 18.28 54.23 374.14 .58 52.18 314.43 .64 3U3 54.23 312.24 .36 . 52.18 373.77 .42 29.31 53.21 37Ul .40 1.59 79.09 18.18 56.33 312.55 .65 54.28 ·313.15 .64 3U3 56.33 371.19 . 34 54.28 372.09 .43 29.31 55.31 312.26 . 42 1.60 79.21 18.28 58.40 371.72 . 69 56.35 314.27 .59 30.33 58.40 370.89 .30 56.35 371.21 .43 29.31 51.38 371.72 . 43 1.60 19.17 2U8 60.43 371.91 . 69 58.38 313.91 .61 3U3 60 .i3 310.83 .30 58.38 310.95 .40 29.31 59.41 311.66 .42 1.60 19.10 28.28 62.44 312.H .66 60.39 313.99 .51 30.33 62.44 312.00 . 31 60.39 370.90 .41 29.31 61.42 372.07 .44 1.59 79.11 26.28 
€U1 374.64 .57 62.47 314.24 .67 30.33 64.52 312.93 .38 G2.47 371.68 .H 29.31 63.50 313.02 .43 1.60 78.18 28.28 66.62 376.99 . 51 6U7 37U5 . 63 30.33 6U2 31UO . 38 64.51 313.09 . 46 29.31 65.60 315.04 .42 1.59 18.95 28.28 68.69 379.08 .43 GU4 313.85 .64 30.33 G8.69 376.52 . 36 66.64 374.92 .46 29.31 61.67 316.89 .39 1.59 18.98 28.28 
€9.11 380.30 .39 61.66 313.61 .56 30.33 69.11 317.21 . 32 61.66 375.73 .45 29.31 66.69 317.89 . 36 1.59 78.98 
()) 
ill 
TB! : 298.5 c DiC : 78.7 K 08:31:07 JUL08,1981 t261. Dl.i 
OB : .99 t/s Fe : 32940. 
QH1 : 21.2 W/cE"2 QH2 : 21.1 W/cm"2 
QH3 : 21.0 W/cm·z m : 21.1 Wjcm"2 TEGEHA 2 - FLUID mmmRES I FROBK Pi I mcmm 
Y21 X21 TC21 RMS21 m TC22 RMS22 Y2l !24 TC2i RH524 X23 TC23 RH523 m !25 iC25 RHS25 QB TB! 
n rom c K mm c K mm m• c K mm c K •m mm c K Wjcm"2 c 
3.93 66.96 315.40 . 35 69.61 318.09 .21 1.21 66.96 311.72 . 33 69.61 313.66 .33 2.60 66.28 31Ul .81 21.07· 298.50 
3. 93 66.09 374.30 .31 68 .1l 316.97 .25 1.27 66.09 371.26 .32 68.74 373.01 .35 2.60 61.41 373.79 .81 21.10 296.60 
3.93 64.06 312.65 .47 66.11 315.20 .34 1.27 6U6 370.31 .33 66.11 311.85 .35 2. 60 65.38 312.18 .83 21.18 29Ul 
3.93 6U7 311.29 .57 6462 :73.34 .!4 1.27 61.97 36B .27 .30 64.62 370.65 . 31 2. 60 63.29 310.15 .84 21.21 298.54 
3.93 59.84 370.45 .60 62.49 311.68 J3 1.21 59.84 368.88 .26 62.49 369.62 .35 2.60 61.16 369.73 . 83 21.22 298.51 
3.93 51.18 31U! . 62 60.43 370.57 .65 1.21 51.78 369.20 .29 60.43 368.96 .33 2. 60 59.10 369.63 .85 21.24 296.60 
3.93 ;s. so 372.00 .59 58.!5 31U3 . 65 1.27 55.80 310.05 . 36 58.45 369.29 .33 2.60 57.12 370.64 . 87 21.10 298.€9 
U3 53.75 373.18 .41 56.40 311.26 . ~·9 1.27 ~.3 .15 371.27 . 35 56.40 369.78 . 31 2.60 55.07 311.31 .87 21.16 298.87 
3.91 ~<1.66 376.59 .39 54.31 313.10 .51 1.16 51.66 313.25 . 36 54.31 371.24 .40 2.59 52.98 373. 2! . 85 21.15 298.93 
3.93 4U5 378.!0 . 31 52.20 316.1[1 .43 1.21 49.55 31U8 .35 52.10 311.86 .~9 2.60 50.87 375.21 .84 21.12 Z9B .95 
3.93 !Ul 379.11 .26 51.1 € 376.61 . 38 1.21 iUl 37Ul .32 51.16 313.85 .39 2. 60 4U3 316.18 .81 21.17 :se. 64 
TB! : 296.6 c DTC : 79.6 ! 06:57:56 JUL06, 1967 H262.DAT TAB. A56c OB : .99 m/s Re : 33089. 
QHI : 21.5 W/cm·z QH2 : 21.4 W/cm ·z 
QH3 : 21.3 W/cm·2 QH4 : 2J.l W/cm·2 HGEHA 2 · FLUID TEMPERATORES 
I PROBE PJj SUBCHANHEL 
Yll IlJ TCJI RMSJI !12 TCI2 RMSI2 YH Xl4 TCH RMSH !13 TCI3 RHSI3 Yl5 !15 TCI5 RMSI5 MFR DTC mm u c I mm c K u mm c K u c K mm mm c K kg/s I 
27.25 53.26 371.41 .50 51.21 37U3 .56 29.30 53.26 374.35 .40 51.21 376.36 .45 26.26 52.24 371.03 .37 1.60 79.64 27.25 54.22 375.63 .56 52.17 373.79 .59 29.30 54.22 372.92 .43 52.17 374.56 .41 26.26 53.20 375.41 .42 1.58 78.20 21.25 56.33 373.63 .11 54.26 373.67 .55 29.30 56.33 371.45 .45 54.28 373.10 .49 26.26 55.31 373.56 .50 1.56 17.61 27.25 56.39 371.69 .90 56.34 374.20 .59 29.30 58.39 370.75 .45 56.34 371.31 .52 28.28 51.37 372.05 .56 1.56 76.09 27.25 60.43 371.66 .66 56.36 373.01 .57 29.30 60.43 370.37 .43 58.36 370.70 .51 26.26 59.41 371.48 .56 1.56 78.03 27.25 62.45 372.76 .16 60.40 372.36 .61 29.30 62.45 370.93 .45 60.40 370.26 .52 26.26 6l.l3 371.76 .56 1.56 78.11 21.25 6U2 374.66 .59 62.47 372.69 .62 29.30 6U2 372.62 .43 62.47 37U9 .52 26.28 63.50 373.07 .50 1.56 78.17 27.25 66.62 37U9 .46 6!.57 371.91 .56 29.30 66.62 374.21 .43 64.57 J72.25 .52 26.28 65.60 m.l3 .43 1.58 77.96 27.25 67.66 378.05 .40 65.61 372.45 .~9 29.30 67.66 . 374.92 .41 65.61 373.75 . 52 26.28 66.64 375.77 .40 1.58 77.69 (Ci 
0 
I 
TB! : 298.8 c DTC : 79.6 K 08:57:56 JUL08, 1987 M262. DAT 
UB : . 99 m/s Re · : 33089 . 
QB1 : 21.5 H/cm·2 QH2 : 21.4 W/cm·z 
QB3 : 21.3 N/cm·2 QB! : 21.! Wjcm·2 TEGKNA 2 · fLUJD TEHPEBATURES I PROBE PZI SUBCHANHEL 
Y21 X21 TC21 • RMS21 m iC22 mn Y24 !24 iC2! R~S24 m TC23 RMS23 m I25 iC25 RHS25 QB TEl 
n mm c ! Et c ! u n c K n c K mm mm c ! W/ct"2 c 
U2 6!.!8 375.18 .46 67.13 37UI .24 2.26 64.48 371.88 .38 67.13 373.98 .!0 3.59 65.60 37U6 .79 21.!0 298.80 
4.93 64.06 374.06 .50 66.71 376.66 .27 2.27 64.06 370.59 .41 66.71 372.22 .42 3. 60 65.38 373.27 .79 20.82 29U6 
UJ 61.97 371.94 .69 64.62 374.63 .H 2.27 61.97 369.29 .!0 64.62 370.81 .l3 3.60 63.29 371.23 .85 20.12 295.08 
4.92 59.84 370.75 .81 62.49 371.96 .66 2.26 59. 8! 369.06 .38 62.49 369.3! .H 3.59 61.16 370.!5 .90 20.70 299.01 
4.93 57.78 371.18 . 76 6H3 371.D8 .82 2.27 57.78 368.69 . !0 50.!3 368.62 .44 3.60 59.10 369.62 .93 ~0.66 298.14 
4.92 ~.5. 8 0 372.27 . 62 58.45 37U2 .82 2.26 55.80 369.46 .42 58.45 368.30 . 4Z 3.59 57.12 369.75 .90 20.69 298!9 
U3 53.76 373.73 . 46 56.41 372.03 .72 2.27 53.76 371. II .0 ~·6. 41 3€9 .20 .47 360 55.08 311.64 .66 20.73 m.36 
4.93 51.66 376.23 .32 54.31 373.51 .S2 2. 27 51.66 372.61 !" :.ul 370.37 .45 3.60 52.98 372.96 .62 20.74 i9U9 































29UC !I!C' 1U! 
.99 ''' Re ' 32913. 
21.0 w;co2 QB2 ' 1U !l:t"2 
20.9 W/c<-2 QH4 ' 1U ifc•-2 
Xll !Cll RMS11 112 TC12 
n C K .. c 
55.35 375.!9 .11 suo m.Je 
56.32 37U9 .87 54.21 312.04 
5U9 372.92 1.09 56.34 313.01 
60.43 312.55 1.11 58.38 312.87 
62.45 37!.13 .88 60.40 312.21 
64.52 376.75 .60 6U7 313.31 
65.58 378.32 .46 63.53 m.n 
298.3 c DTC = 18.1 I 
' 32913 . . 99 •/s Re 
21.0 W/cc-2 QB2 


































298.5 C DTC ' 78.3 K 
.98 m/s Re ' 328!8. 
21.0 W/ct-2 QH2 ' 20.9 W/co-2 
20.8 Wjcm-2 QH4 ' 20.9 W/cm-2 




































DTC ' 78.3 K 
Re : m!B. 
QH2 zu w;,.-2 






09:21:24 JUL08,1987 M263.DAT 
mm 2 - fLUID mmmm 
I liOB! P1l SOBCHANNEL 
BMS12 Yl4 Yl! . TCH RMSH 
K •• u C K 
.H H.H 
-~ H.H 
55.35 312.81 .54 
56.32 371.75. .58 
.62 28.32 5U9 371.13 .63 
.59 28.32 60.43 310.98 .64 
.U H.H 62.45 372.02 .59 
.55 28.32 6U2 313.49 .50 

















09:21:24 JOL08,1987 M263.DAT 






























09:39:11 JOL08,19B7 H26UAT 





























09:39:11 JULOB, 1987 H16!.DAI 
TEGEHA 2 - FLUID mmmP.ES 
I FBOBE rzl mcmm 
Ytl 121 iC21 Btf.21 !21 TC~2 P.~S2~ 124 !2! !C24 
c 
R~S24 
! u n C I n C I 
102 €Ue 31U2 J.Oü 63.43 31U1 :.6 
u1 :u1 37U3 J.09 s:.l9 m.n .71 
U1 :.119 l7!.25 u:. f.H4 :':1.:11 1.12 
1 c: o:.eo m.H .11 5u~. z1u:. 1.1> 






















































































































































































m15 m DTC 
r ! !g/s 








. 72 1.59 























































uo :~< 1: 






2&U C DTC 
.98 E/5 Re 
21.0 w1,.·2 m 













































.98 z/s Re 
21.0 i/c&2 QB2 




































298,1 c DTC : 18.8 K 
: 33101. .99 m/o Re 
21.3 W/co"2 QH2 




























298.1 c DTC : 18.8 K 
:33101. .99 m/s Re 
21.1 W/em2 QH2 
















































































09:53:01 JUL08,1987 tc6UA! 
mm 2 - FLUID mmmm 















!Cl! R~Sll I13 
c ! •• 
37U6 1.02 55.40 
313.68 1.10 56.34 
m. sz 1.06 su8 
37U3 .82 60.40 
316.40 .67 61.44 
09:53:01 JULOB,l987 H265.DA! 
!EG!NA 2 - FLUID mmmm 
lr·BOBE Pi I SUBCHANHEL 
121 
•• 
I24 TCZ4 RHS24 123 






60.79 312.00 .90 63.4! 
59.84 310.86 .93 61.49 
51.18 371.22 .92 60.43 
55.80 312.14 '14 58.45 
54.16 37U9 .61 57.43 
10:13:18 · JUL08,1987 K266.DAT 
mm 2 - FLUID mmmm 
J PROB! Pij SUBCHANHEL 
YH Xll ICH RMSH I13 
.n mm c ! u 
25.14 58.48 315.77 1.23 56.43 
15.43 59.42 375.50 1.35 57.31 
25.43 60.13 375.91 1.26 18.38 
25.!3 61.!4 376.!5 1.08 !·9.39 
25.43 62.45 311.62 .90 60.40 
10:13:18 JUL08,1987 M266.DAI 
mm 2 - FLUID mmmm 
I PBOBE Pi I SOECHLNn!L 
Y2l !24 IC24 RMS24 !23 
t! U: c ! cc 
6.51 59.72 312.1! 1.14 &2.37 
6.52 18.19 31UB 1.17 61.44 
U1 51.19 37U6 1.11 €0.!4 
6.52 56.78 37U5 .95 :.!.43 











































































































































































Tm m2s QE 
C ~ lljc&2 
376.67 1.!2 21.20 
376. Jj 1.62 11.31 
315.91 1.10 11.19 
315.52 1.62 11.25 
317.31 U3 2120 
DJC 
[ 
16.21 
78.05 
78.31 
78.09 
JB.SB 
TB! 
c 
298.50 
198.35 
298.42 
298.52 
296.55 
DIC 
t 
18.18 
19.43 
79.08 
79.03 
16.16 
!EI 
c 
29U5 
298.61 
29U9 
:95.82 
~9U1 
CO 
r\J 
